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PREFACE. 


In  bringing  before  English  readers  an  English  version  of 
a  manual  so  well  known  as  that  of  Dr,  Borchers — on  a 
subject  which  has  so  rapidly  attained  to  the  prominent 
position  now  held  by  Electro -Metallurgy — but  little  by 
way  of  introduction  is  needed. 

The  Author,  in  his  preface  to  the  Second  German  Edition 
(tiiat  of  1896,  from  which  the  present  volume  has  been 
translated),  refers  to  his  twelve  years'  practical  work  in 
chemical  and  metallurgical  industries,  and  states  that  in 
preparing  the  first  edition  he  had  hoped  to  be  of  service 
to  his  fellow-labourers  by  laying  before  them  the  results 
of  the  experience  with  electro  -  metallurgical  processes 
which  he  had  gained  in  conducting  experimental  tests  on 
a  scale  sufficiently  large  to  enable  him  to  form  a  trust- 
worthy opinion  as  to  their  practical  value.  During  the 
four  years  which  elapsed  before  the  appearance  of  the 
Second  Edition,  electro  -  technology  had  made  enormous 
progress;  and  at  the  end  of  that  time  the  Author  found 
himself  at  liberty  to  publish  much  information  which  pre- 
viously, owing  to  personal  considerations  and  business 
obligations,  he  had  been  prevented  from  giving  to  the 
world.  He,  therefore,  re-wrote  and  greatly  extended  the 
work  in  the  edition  from  which  this  version  is  taken. 

A  short  sketch  only  is  given  of  the  newer  electro-chemical 
theories,  and  the  student  is  referred  for  fuller  and  more 
elaborate  explanations  to  the  works  of  Ostwald  on  General 
Chemistry  and  Electro-Chemistry,  and  to  that  of  Nemst  * 

*  NeniBt*8  T/ieoretiecU  Chemistry  from  the  Standpoint  of  Avogadro*8  Ruie 
and  Thermodynamics.    Translated  by  C.  S.  Palmer. 
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on  Theoretical  Chemistry.  Those  who  are  engaged  in 
scientific  or  technical  research  are  recommended  to  consult 
Ostwald's  Hand-  und  HiUfsbuch  zur  Ausfukrung  physVcO' 
chenvUdien  Meaaungen*  and  Oettel's  Anleitung zu Elektro-' 
chemiechen  Versuch^n, 

In  the  present  volume,  all  those  metals  in  the  extrac- 
tion and  working  of  which  the  electric  current  has 
found  any  application  are  treated  of;  but  electrolytic 
analysis,  electro-plating,  and  electro-typing  have  not  been 
touched  upon.  From  the  mass  of  material  accumulated 
in  journal  and  patent-office  literature,  only  those  papers 
or  processes  which  are  capable  of  practical  application 
have,  usually,  been  selected  for  reference.  A  short 
survey  of  the  purely  metallurgical  methods  of  treating 
the  metals  has  been  added  to  each  chapter,  so  that  the 
reader  may  be  in  a  position  to  compare  such  methods  with 
electro-metallurgical  processes,  and  to  see  how  the  two 
may  be  used  in  conjunction. 

During  the  few  months  that  have  passed  since  the 
publication  of  the  German  Edition,  progress  has  been 
made  in  many  directions.  The  Translator  has,  therefoi'e, 
Ventured  to  add  notes  here  and  there  in  the  hope  of 
bringing  the  work  more  nearly  up  to  date.  He  has 
also  added  accounts  of  the  practical  working  of  certain 
processes  which  have  been  developed  since  the  German 
work  was  placed  before  the  public.  Extra  references  to 
English  patents  and  the  British  equivalents  of  the 
metrical  measurements  quoted  in  the  text  have  also 
been  given.  All  these  additions,  whether  in  the  text 
or  in  footnotes,  are  enclosed  within  square  brackets,  [  ], 
so  that  the  reader  may  distinguish  between  the  original 
and  the  supplementary  matter.  Tables  for  the  conversion 
of  certain  Continental  into  the  corresponding  British  units 
have  also  been  added  in  an  appendix.  Whenever  possible, 
quotations  from  the  French  have  been  translated  direct 

*  Ostwald's  Manual  of  Physico  -  Chemical  Measurement,      TransUted 
by  J.  Walker. 
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from  the  French  text,  instead  of  fromthe  German  version, 
and  those  from  English  sources  have  been  reprinterl  ver* 
batirri  from  the  original. 

In  arranging  the  additional  matter,  the  Translator  has 
kept  in  view  the  industrial  aspect  of  the  question^  and 
has  introduced  one  or  two  short  supplementary  notes 
referring  to  actual  applications  of  processes  not  otherwise 
referred  to  in  the  text.  It  is  believed,  therefore,  that 
under  each  of  the  various  metals,  separately,  enough  has 
been  stated  to  give  a  good  general  idea  of  the  present 
industrial  position  of  that  branch  of  the  subject. 

The  practical  applications  of  Electro-Metallurgy  are 
advancing  with  phenomenal  rapidity,  especially  on  the 
Continent  and  in  America,  and  there  is  little  doubt  that^ 
if  England  is  to  hold  her  own  in  Metallurgy,  she  also  must 
give  more  and  more  attention  to  the  electro-metallurgical 
smelting  and  refining  processes,  which  are  cheapening  and 
simplifying  the  work  of  producing  high-class  products 
abroad. 

In  conclusion,  the  translator's  thanks  are  due  to  Mr.  A. 
E.  Hunt  and  the  Institution  of  Civil  Engineers,  to  the 
Electrician,  and  to  Industries  and  Iron,  for  the  use  of 
the  blocks  employed  in  Figures  82a,  101a,  and  50a  and 
50b  respectively. 

WALTER  G.  M<^MILLAN. 

MkTALLUROICAL  D&PARTMENT, 

Mason  College, 

BiRMiNOUAM,  June  8,  1897. 
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ELECTRIC  SMELTING  AND  REFINING. 


INTRODUCTION, 


In  the  study  of  electro-metallurgy  we  are  concerned  with  the 
electrolytic  and  electro-thermic,  rather  than  with  the  electro- 
magnetic, relations  of  electricity;  and  only  the  former  two 
will,  therefore,  be  treated  of  in  this  work. 

ELECTROLYSIS. 

Until  quite  recently  the  idea  of  electrolysis  was  associated 
only  with  those  changes  in  the  constitution  of  substances  that 
could  be  effected  by  the  action  of  electric  currents  generated 
externally.  But  this  conception  is  now  greatly  enlarged ;  and 
the  newer  electro-chemistry,  together  with  the  whole  fabric 
of  chemical  science,  is  placed  upon  a  broader  foundation, 
strengthened  both  by  experimental  and  by  mathematical  investi- 
gation. 

A  full  exposition  of  the  modern  electro-chemical  theories 
would  be  out  of  place  here,  and  the  reader  is  referred 
for  this  to  standard  treatises,  such  as  those  of  Ostwald  and 
Nernst.  A  short  sketch,  however,  of  the  now  classical  work 
and  theories  of  these  two  writers,  and  those  of  Yan*t  Hoff  and 
Arrhenius,  will  be  given  before  passing  to  the  consideration 
of  electro-metallurgical  practice. 

The  observations  of  these  investigators  have  started  a  new 
era  in  the  science  of  chemistry.  The  fact  that  they,  for  ex- 
ample, afford  a  full  explanation  of  the  action  of  the  voltaic  cell 
and  of  the  electric  circuit,  towards  which  goal  science  has  been 
striving  for  nearly  a  century,  points  to  the  solidity  of  the 
basis  upon  which  these  modern  theories  have  been  founded. 

Osmotio  Pressure. — As  the  starting  point  for  the  sketch, 
reference  may  be  made  to  the  simple  machine  illustrated  in 
Fig.  1,  which  represents  a  cylinder,  0,  partly  filled  with  steam. 
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The  steam-chamber,  D,  is  closed  by  a  piston,  vhioh  is  capable 
of  sliding  freely  in  the  cylinder;  and  aboce  the  piston  is  a 
space  free  from  vxpour.  If  the  piston  be  pressed  downwards 
so  that  the  steam  in  the  apace  D  is  compressed,  and  the 
pressure  be  then  wholly  or  in  part  remorea,  the  piston  will 
rise  in  the  cylinder,  and  the  apace  D  will  be  increased  pro- 
portionately at  the  expense  of  the  empty  apace  above,  until 
the  internal  pressure  of  the  molecules  of  the  vapour  exactly 
balances  the  weight  of  the  piston  or  that  of  the  load  upon  it, 
when  equilibrium  will  be  attained  and  the  piston  will  come 
to  rest. 

Let  us  suppose  now  that  the  area,  D,  is  filled  with  a  solution 
of  sugar  instead  of  with  steam,  and  that  the  upper  part  of  the 
cylinder  contain,  waters  whilst  the  piston  is 
made  of  a  substance  which  allows  water  to 
pass  through  it  without  resistance,  but  is 
impervious  to  sugar.  If  it  be  true  that  the 
laws  governing  the  atoms  or  molecules  of  a 
substance  dissolved  in  a  liquid  are  com- 
parable with  those  which  control  the 
volume  and  pressure  of  gases,  the  sugar 
will  tend  to  diffuse  itself  through  the  whole 
fj  of  the  water  (to  which  the  diaphragm  of  the 

piston  ofiers  no  resistance)  until  a  homo- 
geoeoiis  solution  is  obtained.  But,  in  order 
to  effect  this  result,  as  sugar  is  unable  to 
traverse  the  diaphragm,  the  water  in  the 
space  above  tlie  piston  will  have  to  pass 
tlirougb  the  latter  into  the  area  beneath  it, 
the  piston  rising  aa  in  the  previous  experi- 
Fig.  1.  ment  with  compressed  ateam.      The  rising 

of  the  piston,  which  is  an  obser\-ed  fact, 
points  to  the  existence  of  a  force  tending  to  expand  the  sugar 
solution  under  the  conditions  of  the  experiment.  This  force 
has  been  termed  osmotio  pressure.  Like  steam  pressure  it 
niaj  be  measured  directly,  and  it  has  been  determined  in  many 
different  ways. 

If  then  a  solid  substance  be  brought  into  contact  with  a 
solvent,  molecules  of  the  former  will  pass  into  the  latter  with 
a  certain  force — the  so-called  prdssure  of  solution — until  the 
osmotic  pressure  of  the  molecules  already  dissolved  has  in- 
■creased  sufficiently  to  neutralise  this  force  and  prevent  any 
further  admission.  The  solution  is  then  saturated.  The 
manner  of  solution  of  all  solid  bodies,  however,  is  not  equally 
aimjije.  But  before  discussing  these  matters  more  fully,  it 
is  desirable  to  throw  light  upon  some  older  conceptions. 

EleotrolTtio  Diasooiation. — The  measurement  of  the  os- 
motic pressures  of  various  substances  in  aqueous  solution  has 
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led  to  the  discovery  of  the  remarkable  fact  that  those  substances, 
which  for  more  than  fifbj  years  have  been  known  as  conductors 
of  the  second  class  or  electrolytes,  show  pressures  which 
exhibit  no  agreement  with  those  calculated  from  their  molecular 
weights  in  the  gaseous  condition,  and  from  the  concentration 
in  the  solution.  This  irregularity  was  only  brought  into  agree- 
ment with  the  theory  of  Van't  Hoff,  when  Arrhenius  adduced 
evidence  that,  on  solution,  the  molecules  of  such  substances 
were  dissociated  into  free  but  opposing  electric  ions.  To  enun- 
ciate a  theory  in  such  direct  opposition  to  the  hitherto  accepted 
(and  still  widely  held)  views  on  chemical  affinity  was  bold,  but 
proofs  were  not  wanting.  Indeed,  before  Arrhenius  had  pub- 
lished his  work  on  electrolytic  dissociation,  Ostwald,  working 
in  the  same  direction,  had  collected  so  much  material  available 
for  proof  that  the  new  theory  was  immediately  placed  upon  a 
firm  basis. 

It  is  true  that,  as  the  publications  of  Hittorf  and  Kohlrausch 
show,  these  same  ions  had  long  been  regarded  as  the  carriers 
of  electricity,  hydrogen  and  the  metals  (cations)  being  con- 
sidered as  carrying  positive  electricity,  and  the  acid  radicles 
(anions)  as  carrying  negative  electricity;  but  the  conception 
that  they  existed  in  the  solution  in  the  free  state  was  not 
understood,  and,  indeed,  was  contrary  to  the  chemical  teaching 
of  the  day.  But  according  to  the  newly  advanced  theory,  an 
aqueous  solution,  for  example,  of  common  salt  contains  free 
sodium-ions  and  free  chlorine-ions;  a  solution  of  caustic  soda 
contains  free  sodium-  and  free  hydroxyl-ions  ;  and  one  of  sul- 
phuric acid  free  hydrogen  and  sulphur  tetroxide-ions. 

Theory  of  Electrolysis. — The  sum  of  all  the  charges  of 
positive  and  negative  electricity  of  the  various  ions  in  an 
electrolyte  at  rest  is  nil;  and  the  ions  themselves  are  the 
carriers  of  electricity.  If  one  may  picture  the  anions  and 
cations  uniformly  distributed  through  the  solution,  and  each 
ion  charged  with  a  definite  quantity  of  electricity,  clinging  to  it 
with  a  certain  force,  it  will  be  evident  that  a  transfer  of 
electricity — and,  therefore,  the  production  of  an  electric  current 
— can  only  be  effected  when  the  ions  are  so  set  in  motion  that 
they  can  give  up  their  electrical  charges  to,  or  take  them  from, 
certain  surfaces  in  the  electrodes.  Electric  currents  in  conductors 
of  ike  second  doss,  and  movement  0/ the  ions  are,  there/ore,  two  quite 
inseparable  conceptions,  just  as  in  mechanics  and  energetics  force 
aikd  motion  cannot  be  imagined  apart  from  one  another.  The 
conductance  of  electrolytes  is,  therefore,  governed  by  the 
degree  of  electrolytic  dissociation  (the  number  of  free  ions)  in 
the  solation,  and  by  the  rapidity  of  motion  and  the  electrical 
charge-capacity  (valency)  of  the  ions. 

For  the  conduction  o*  electrical  charges  to  or  from  the  ions,  it 
is  usual  to  introduce  into  the  solution  containing  them  at  least 
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two  conductors  of  the  first  class  (metallic  conductors)  as  poles 
or  electrodes,  which  must  not  be  in  actual  contact  with  one 
another  at  any  point  within  the  liquid. 

In  order  th^t  a  substance  may  exist  in  the  ionic  condition,  it 
is  necessary  that  its  ions  shall  carry  certain  definite  electrical 
charges.  As  soon,  then,  as  they  are  caused  to  give  up  their 
charges  they  cease  to  be  ions,  and  separate  in  the  neutral  or 
molecular  condition  at  the  point  where  the  discharge  has  been 
effected,  unless,  of  course,  they  should  take  part  in  further 
chemical  changes  or  secondary  reactions.  The  discharge  points 
for  the  cations  are  the  cathodes,  those  for  the  anions  anodes. 
To  produce  a  migration  of  the  ions — and,  therefore,  a  continuous 
electric  current — care  must  be  taken  to  impart  constant  negative 
charges  to  the  cathode,  in  order  to  neutralise  the  positive 
charges  of  the  cations  with  which  it  is  bombarded,  whilst  at  the 
same  time  the  anode  must  be  maintained  positively  charged,  so 
that  the  negative  charges  of  the  anions  may  be  annulled. 

On  the  other  hand — and  this  brings  us  back  to  the  considera- 
tion of  the  solution  pressure — the  substances  which  we  have 
learned  to  recognise  as  constituents  of  an  electrolyte  can  only 
pass  from  the  molecular  to  the  ionic  condition  when  the  ions 
have  the  opportunity  of  receiving  their  full  electrical  charges. 
For  example,  to  bring  about  the  solution  of  a  metal  it  is  not 
alone  sufficient  that  its  tension  of  solution  shall  be  high  and  the 
osmotic  pressure  of  its  ions  low.  Metals,  hydrogen  included, 
pass  into  the  ionic  condition  at  the  moment  of  solution  in  the 
electrolyte,  and  they  must,  therefore,  be  so  placed  that  each  ion 
may  at  that  instant  receive  the  charge  of  positive  electricity 
which  is  necessary  to  its  independent  existence  as  a  cation. 
Since  the  anodes  are  caused  to  receive  charges  of  positive 
electricity  in  order  that  they  may  neutralise  the  negative  charges 
of  the  anions,  they  clearly  afford  the  surfaces  from  which  newly 
formed  metallic  ions  may  derive  their  positive  charges.  Hence, 
the  anodes  should  be  the  places  at  which  metals  are  dissolved ; 
and  this  is  entirely  in  harmony  with  the  well-known  practice  of 
electro-metallurgy. 

The  pressure  with  which  a  substance  capable  of  forming  ions 
tends  to  cause  those  ions  to  pass  into  solution  is  known  as  the 
electrolytic  solution  pressure.  If  this  pressure  be  very 
great  a  substance  may,  under  certain  circumstances,  require  no 
expenditure  of  electrical  energy  from  outside  sources  to  bring  it 
into  solution,  because  it  is  capable  of  withdrawing  the  charges 
necessary  for  its  own  ions  from  those  of  others — e,g,^  hydrogen 
or  metallic  ions — already  present  in  the  solution.  The  ion  from 
which  a  charge  has  been  thus  seized  separates  in  the  neutral 
condition  ;  and  so,  unless  some  secondary  reaction  take  place,  it 
follows  that  the  solution  of  those  metals,  which  exert  a  high  electro- 
lytic pressure,  is  always  attended  by  an  evolution  of  hydrogen,  or 
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by  the  separation  of  another  metal.  The  excess  of  the  electro- 
lytic pressure  of  a  dissolving  material  over  the  osmotic  pressure 
of  the  ions  present  in  the  solution  can  be  determined  experi- 
mentally. It  constitutes  the  electromotive  force  which  sets  the 
ions  in  motion,  and,  therefore,  produces  the  current  in  galvanic 
batteries.  If,  in  any  mechanism,  a  strong  force  be  applied  at  one 
end  of  a  moving  part,  whilst  there  is  a  weak  opposing  force  at 
the  other  end,  this  end  may  either  be  moved  from  its  position 
with  a  velocity  depending  upon  the  excess  pressure,  or  it  can 
itself  exert  a  force  equal  to  the  difference  between  those  applied 
at  the  two  ends.  In  elements  of  the  Daniell  type,  for  example, 
zinc  forms  the  anode,  copper  sulphate  is  the  electrolyte,  and  copper 
the  cathode.  The  positive  charges  required  for  the  dissolving  zinc 
ions  are  derived  from  the  copper  ions  existing  in  the  solution ; 
that  is  to  say,  the  charge  of  the  copper  ions  is  transferred  to  the 
zinc  anode  by  the  quickest  (though  not  always  by  the  shortest) 
route,  through  the  metallic  connections  outside  the  solution.  The 
oopper  ions  are,  therefore,  withdrawn  from  the  solution  at  a 
definite  rate,  which  depends  upon  the  excess  of  the  electrolytic 
solution  pressure  of  the  zinc  over  the  osmotic  pressure  of  the 
copper  ions,  and  their  charges  are,  therefore,  impelled,  under  a 
certain  perfectly  definite  pressure,  through  the  conductors  which 
join  the  poles  of  the  battery.  This  pressure  can  be  estimated  by 
introducing  known  resistances  into  the  electric  circuit,  the  energy 
of  the  electro-chemical  machine,  like  that  of  any  other,  being 
determined  by  the  addition  of  a  load  (brake) ;  and  a  difference  of 
pressure  or  potential  is  thus  measured  between  two  places,  one 
of  high  and  the  other  of  lower  pressure.  The  result  of  this 
measurement,  and,  therefore,  the  difference  of  pressure,  is  known 
as  the  potentiaL* 

To  return  to  the  example  of  the  Daniell  cell.     If  the  metallic 

*  The  unit  of  potential  is  the  volt.  A  volt  is  the  difference  of  pressure 
shown  at  the  ends  of  a  resistance  of  1  ohm  throuj^h  which  a  current 
strength  of  1  ampere  is  passing. 

An  (International  or  Board  of  Trade)  ohm  is  equal  to  the  resistance  of 
a  column  of  mercury  1063  mm.  long,  and  1  sq.  mm.  in  cross  section. 

A  ooulomb  is  the  quantity  of  electricity  which  will  deposit  1*118129  mg. 
of  silver,  or  the  equivalent  amount  of  other  substances,  from  their  respective 
solutions. 

An  ampere,  the  unit  of  current  strength,  is  equal  to  a  coulomb  per 
second,  and,  therefore,  represents  the  quantity  of  electricity  which  is 
cajiable  of  neutralising  that  of  the  above  weight  of  ion  per  second.  A 
current  of  1  ampere  also  liberates  10*436  c.c.  of  mixed  hydrogen  and  oxygen 
per  minute,  when  passed  throush  a  water  voltameter. 

At  the  ends  of  a  simple  conductor  of  1  ohm  resistance,  through  which  a 
current  of  1  ampere  is  flowing,  there  will  be  a  difference  of  potential  equal 
to  I  volt ;  and  the  following  relation  exists  between  current  strength  (C), 
difference  of  potential  (E),  and  resistance  (K) : — 
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connection  between  the  anode  and  cathode  be  broken,  then 
(since  in  a  properly  constructed  cell  there  should  be  no  cop]>er 
ions  in  the  immediate  neighbourhood  of  the  zinc  anode)  the 
solution  immediately  surrounding  the  anode  will  become  charged 
with  negative  electricity,  owing  to  the  absorption  of  positive 
electricity  by  zinc  ions ;  and  thus  the  anode  will  also  become 
negatively  charged  by  contact,  which  will  effectually  prevent 
any  further  formation  of  zinc  ions.  At  the  cathode  the  reverse 
takes  place;  the  cations  are  prevented  from  imparting  to  it 
further  positive  charges,  owing  to  the  accumulation  upon  it 
of  positive  electricity  from  previous  cations.  The  migration 
of  the  ions,  therefore,  comes  to  a  standstill.  This  condition, 
which  is  known  as  polarisation,  can  be  produced  in  other 
ways  : — By  the  chemical  alteration  of  electrodes  or  electrolytes 
through  the  action  of  deposited  ions ;  by  changes  of  concentra- 
tion in  the  electrolyte;  or  by  electro-thermal  effects  at  the 
points  of  contact  between  electrode  and  electrolyte. 

Conditions  of  Electrolysis. — From  the  foregoing  con- 
siderations, the  following  conditions  may  be  deduced  as  favour- 
able, both  to  the  production  of  the  maximum  current,  and  to 
the  most  complete  utilisation  of  electrical  energy  from  external 
sources  in  an  electrolytic  cell : — 

1.  At  any  electrode  from  which  substances  are  required  to 
pass  into  the  solution  in  the  form  of  ions,  the  opposing  osmotic 
pressure  in  the  solution  from  ions  of  the  substance  to  be  dis- 
solved must  be  as  low  as  possible ;  the  concentration  of  the 
electrolyte  solution  at  this  point  should,  therefore,  be  low. 

2.  At  an  electrode  on  which  a  substance  is  to  be  deposited, 
on  the  contrary,  the  osmotic  pressure  of  the  ions  to  be  separated 
out,  and  the  concentration  of  the  solution,  should  both  be  as 
high  as  possible. 

3.  The  substance  to  be  dissolved,  which  is,  therefore,  passing 
into  the  ionic  condition,  must  be  provided  freely  with  the 
electrical  charges  necessary  for  its  ions. 

4.  The  charges  of  those  ions  which  are  being  withdrawn  must 
be  rapidly  and  completely  removed. 

The  first  two  points  are  sufficiently  clear,  but  unfortunately 
they  can  seldom,  if  ever,  be  simultaneously  satisfied  in  metal- 
lurgical practice;  for  example,  in  the  refining  of  metals  the 
material  which  is  dissolved  from  the  anode  has  to  be  re-deposited 
upon  the  cathode.  The  ideal  conditions  of  concentration  for 
the  electrolytes  are  clearly  prescribed  by  conditions  1  and  2, 
viz. : — Wherever  it  is  possible,  salts  of  the  metal  to  be  deposited 
should  be  present  in  concentrated  solution  around  the  cathodes, 
but  should  be  absent  from  the  liquid  surrounding  the  anodes. 
Technically,  however,  the  fulfilment  of  these  conditions  is  usually 
surrounded  with  difficulties.  It  may  be  desired,  for  example, 
so  to  alter  the  construction  of  an  electrolyte  cell  for  antimony 
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deposition  with  21  anodes  and  20  cathodes  that  it  may  satisfy 
the  above  demands.  It  would  be  impossible  to  gain  the  desired 
end  without  using  21  diaphragms,  and  thus  introducing  compli- 
cations quite  independent  of  those  involved  in  the  management 
of  the  solution.  The  increased  difficulty  in  the  construction 
and  working  of  the  necessary  apparatus,  especially  in  the  case 
of  large  electrolytic  installations,  has  so  many  disadvantages 
that  it  far  outweighs  any  gain  which  would  result  from  the 
use  of  a  plant  designed  on  theoretically  perfect  lines.  It  is 
customary,  therefore,  to  use  as  strong  a  solution  as  possible  in 
the  single-compartment  vats,  which  are  universally  employed, 
whilst  any  detrimental  alterations  of  concentration  at  the 
electrodes  are  avoided  by  a  brisk  circulation  of  the  liquid, 
produced,  if  necessary,  by  a  current  of  air.  There  are,  how- 
ever, quite  exceptional  cases,  in  which  the  success  of  the  whole 
process  depends  upon  the  quantity  of  the  salt  existing  in  solu- 
tion in  the  bath.  As  an  example  of  this,  reference  may  be 
made  to  Bunsen's  experiments  with  chromium.*  He  writes 
that  "a  not  less  important  consideration  is  the  relative  pro- 
portion of  the  constituents  of  the  electrolyte  which  is  to  be 
submitted  to  the  current.  If,  for  example,  the  quantity  of 
chromium  chloride  in  the  solution  be  gradually  increased,  the 
strength  of  the  current  and  surface  area  of  the  electrode  re- 
maining constant,  a  point  is  soon  reached  at  which  the  separa- 
tion of  chromium  sesquioxide  is  accompanied  by  a  reduction 
of  the  metal,  and  at  last  is  completely  replaced  by  it." 

To  turn  now  to  conditions  3  and  4,  the  metallurgist  by  em- 
pirical methods  has  already  gained  that  knowledge  of  the 
correct  method  of  operation,  which  Nernst  has  indicated  upon 
theoretical  grounds.  In  copper  refining,  for  example,  the  copper 
contained  in  the  crude  copper  anode  is  dissolved  at  that  pole, 
and  is  re-deposited  on  the  cathode,  copper  sulphate  being  used 
as  the  electrolyte.  For  this  purpose  the  two  poles  are  connected 
in  a  circuit  in  which  a  dynamo-electric  machine  is  included. 
Thus  when  the  dynamo  imparts  positive  electrical  charges  of 
low  potential  to  the  anode,  the  copper  ions  cause  an  increase 
in  the  osmotic  pressure  of  the  solution,  and,  migrating  through 
the  liquid,  produce  an  immediate  separation  of  copper  on  the 
cathode.  The  positive  electrical  charges  of  the  copper  ions 
separated  at  the  cathode  are  conducted  through  the  outside 
circuit  back  to  the  anode.  Hence,  as  is  demonstrated  by 
actual  practice,  only  a  small  pressure  or  electromotive  force 
is  necessary  to  effect  the  transfer  of  large  quantities  of  copper. 
And  scarcely  any  better  example  is  needed  to  show  that  not 
only  the  atoms  of  metal,  but  their  electrical  charges  with 
them,  are  carried  through  the  solution  from  the  anode  to  the 
cathode. 

*  Poggendorfa  Annalen,  1854,  vol.  xci.,  p.  619. 
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In  spite  of  the  apparently  opposite  characters  of  the  galvanic 
battery  and  the  electrolytic  cell,  the  one  producing  and  the 
other  utilising  electric  currents,  they  are  really  identical  in 
their  internal  action,  since  in  both  the  transport  of  electricity 
is  effected  by  means  of  the  moving  ions.  This  transport  of 
electricity,  by  ike  agency  of  migrating  ions,  combined  either  with- 
the  conversion  of  neutral  substances  into  ions,  or  vice  vers&,  or 
with  the  alteration  of  tJie  cliarge  cajxicity  or  valency  of  the  ions 
themselves,  constitutes  the  phenomenon  known  as  eleotrolysis. 

Belation  of  Current  Strength  to  Weight  of  Deposit. — 
The  statement  that  every  ion  is  capable  of  receiving  and  trans- 
porting a  perfectly  definite  charge  of  electricity  has  already  been 
often  repeated.  Electrical  energy  is,  therefore,  associated  with 
a  definite  mass  of  weighable  matter;  and  the  correctness  of 
this  assertion  was  proved  by  Faraday  more  than  sixty  years 
ago.  Faraday's  fundamental  law  of  electrolysis  requires  in 
fact  only  to  be  translated  into  the  language  of  the  newer 
electro-chemistry  to  make  it  harmonise  entirely  with  modem 
views.     Ostwald's  translation  of  this  law  is  as  follows  : — 

The  transfer  of  electricity  in  electrolytes  results  only  from  a 
simultaneous  transfer  of  ions,  and  in  such  a  manner  t)iat  like 
qtmrUities  of  electricity  are  translated  along  with  eliemically  equi- 
valent quantities  of  the  various  ions. 

Hence,  as  Ostwald  goes  on  to  show,  equivaleiit  weights  of 
various  ions  have  equal  capacities  for  electrical  energy. 

After  the  explanations  already  given,  no  further  explanation 
of  this  law  should  be  necessary.  Some  of  its  practical  con- 
sequences are  included  in  the  following  table  (p.  9).  The 
quantities  by  weight  of  various  substances  which,  in  their 
ionic  condition,  can  transport  1  unit  (coulomb)  of  electricity 
are  termed  the  eleotro-cheznieal  eqnivalentB  of  those  sub* 
stances.  They  are  identical  in  weight  with  the  amounts  of  the 
same  substances  that  would  be  deposited  from  electrolytes  by 
a  current  of  1  ampere  in  1  second  (that  is,  by  1  coulomb),  or  that 
would  be  dissolved  and  pass  into  the  ionic  condition  under  the 
same  conditions  of  current  and  time. 

The  following  t:ible  shows  the  electro-chemical  equivalents  of 
the  elements  most  frequently  met  with,  together  with  the  valency, 
the  atomic  weight,  and  the  nature  of  the  electrolyte  for  which 
the  figures  are  calculated.  The  last  column  but  one  shows  the 
weight  of  each  substance  in  kilogrammes  that  would  be  de- 
posited by  a  current  of  736  amperes  in  the  space  of  one  hour ; 
[and  the  last  column  gives  the  English  equivalent  of  this — viz., 
the  weight  in  lbs.  per  hour  per  746  amperes].  The  use  of  these 
last  two  series  of  numbers  will  be  gathered  from  the  succeeding 
remarks. 
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Atomic 

Electro- 
Symbol      Chemical 

Weight 
Deposited 

Weight 
Depos- 
ited by 

Name  of 

Nature  of 

Weight, 

and        Equivalent 

by  Current 

Current 

Blement. 

Electrolyte. 

0  =  16.' 

Valency,      in  Milli- 

of 786  Am- 

of 746 

grammes. 

! 

peres  per 
hour. 

Amperes 
per  hour. 

Kilogram. 

Lb. 

Aluminium. 

Oxides  and  salts. 

27  08 

Al.  IIL 

0-093541 

0-247846 

0-654 

Antimouy. 

Sulpho-salts. 

120-34 

Sb.  III. 

0-416.361 

1  100540 

2-459 

Arsenic. 

Arsenites. 

75-00 

As.  lU. 

0-258975 

0-686180 

1-533 

Barium. 

Haloid  salts. 

137  04 

Ba.  IL 

0-709798 

1  -880680 

4-202 

Bismuth. 

Oxide  salts. 

208-01 

Bi.  ITT. 

0-718258 

1  -903096 

4-252 

Bromine. 

Bromides. 

79-96 

Br.  I. 

0-828336 

2194759 

4-904 

Cadmium. 

Salts. 

112-08 

Cd.  IL 

0-580518 

1-538140 

3-437 

Calcium. 

Haloid  salts. 

40*00 

Ca.  II. 

0-207180 

0-548944 

1-227 

Chlorine. 

Chlorides. 

35-45 

CI.  I. 

0-367257 

0-973084 

2-174 

Chromium. 

Chromons  salts. 

]■  52-16/ 

Cr.  IL 

0-270105 

0-715670 

1-599 

ff 

Chromic  salts. 

Cr.  IIL 

0-180070 

0-477113 

1-066 

Cobalt. 

Cobaltous  salts. 

59-55 

Co.  IL 

0-308479 

0-817347 

1-826 

Copper. 

Cuprous  salts. 

1   63-44 1 

Cu.  I. 

0  657175 

1*741248 

3-891 

»• 

Cupric  salts. 

Cu.  IL 

0-328587 

0-870624 

1-946 

Fluorine. 

Fluorides. 

18-99 

F.    I. 

0-196727 

0  521247 

1-165 

Gold. 

Haloid  salts. 

197-25 

Au.  IIL 

0-681101 

1-804653 

4-032 

Hydrogen. 

Water  or  acids. 

1-003 

H.  I. 

0-010392 

0  027534 

0-062 

loJine. 

Iodides. 

126-86 

L    L        1.314184 

3-482061 

7-780 

Iron. 

Ferrous  salts. 

\  6600 1 

Fe.  IL      0-290052 

0-768621 

1-717 

ft 

Ferric  salts. 

Fe.  IIL  ;  0193368 

0-612348 

1-146 

Lead. 

Oxides  and  oxide 

r 

salts. 

206-91 

Pb.  IL     1  071695 

2-839562 

6  345 

Lithium. 

Haloid  salts. 

7-03 

Li.  I. 

0-072823 

0192951 

0-431 

Magnesium. 

Haloid  salts. 

24-37 

Mg.  IL 

0-126276 

0*:<34580 

0-748 

Manganese. 

Manganous  salts. 

55-09 

Mn.  II. 

0-285338 

0-756031 

1-689 

Mercury. 

Mercurous  salts. 

}  200-4  1 

Hg.L 

2-075943 

6-500421 

12-291 

»> 

Mercuric  salts. 

Hg.  IL 
Ni.  II. 

1  037972 

2-750210 

6-146 

Nickel. 

Nickelons  salts. 

58-88 

0-305009 

0-808163 

1-806 

Oxygen. 

Oxides. 

16 

0.    IL 

0-082872 

0-219677 

0-491 

Platinum. 

Haloid  salts. 

194-83 

Pt.  IV. 

0-504560 

1-336882 

2-987 

Potassium. 

Haloid  salts. 

3914 

K.   I. 

0-405409 

1-074171 

2-400 

Silver. 

Salts. 

107-94 

Ag.  I. 

1-118129 

2-962594 

6-620 

Sodium. 

Haloid  salts. 

2306 

Na.  L 

0-238857 

0-6.32876 

1-414 

Strontium. 

Haloid  salts. 

87-52 

Sr.   II. 

0-453309 

1-201087 

2-684 

Sulphur. 

Sulphides. 

32  06 

S.    II. 

0-166070 

0-440019 

0-9<^3 

Tin. 

Stannous  salts. 

I  118-10  1 

Sn.  II. 

0-611699 

1  -6-20765 

3-622 

ft 

Stannic  salts  or 

stannates. 

Sn.  IV. 

0-305849 

0-810377 

1-811 

TtiDgsten. 

Oxide  compouuds. 

)■»  { 

W.  ITT. 

0-6.35352 

1  683428 

3-761 

»> 

Tnngstates. 

W.  VL 

0-317676 

0-841714 

1-881 

Zinc. 

• 

Salts. 

65-38 

Zn.  II. 

0*338635 

0-897247 

2-005 

Valency. —  This  table  is  intended  primarily  for  practical 
use.  It  is  to  be  observed  that  many  of  the  metals  quoted 
in  the  table  have  two  equivalent  numbers.  For  example,  for 
the  transport  of  1  coulomb  of  electricity,  in  copper  solutions, 
there  will  be  necessary  either  0-657175  mg.  or  0-328587  mg. 
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of  copper,  according  aa  a  cuprous  or  a  cupric  salt  of  copper 
is  employed  as  electrolyte.  Thus  whilst  a  cuprous  compound 
will  give  a  deposit  of  0*657175  mg.  of  copper  in  a  second  with 
a  current  strength  of  1  ampere,  a  cupric  compound  under  the 
same  condition  will  give  only  half  that  weight.  Hence,  the 
same  material  may  have  a  different  charge-oapacity  or  valency 
under  different  circumstances.  But  since  it  is  well  known  that 
the  material  may  be  easily  converted  from  one  form  of  combin- 
ation to  the  other — for  cuprous  salts  may  be  oxidised  and  cupric 
salts  reduced — it  is  evident  that  the  charge-capacity  of  the  ions, 
and,  therefore,  the  valency  of  the  metal,  is  variable. 

Concerning  the  practical  use  of  the  table,  it  will  suffice  to 
add  some  remarks  upon  the  numbers  given  in  the  last  column. 

Belation  of  Work  Expended  to  Weight  of  Deposit. — 
The  unit  of  mechanical  power  is  the  horse-power  (H.P.),  corre- 
sponding to  an  expenditure  of  work  equal  to  76  kilogramme- 
metres  per  second.  Since  1  volt  x  1  ampere  (  =  1  watt)  of 
electrical  work  is  equivalent  to  a  quantity  of  heat  represented 
by  0*24  gramme- unit  of  heat,  and  this  in  turn  is  equivalent 
to  0*102  kilogramme-metre  of  mechanical  work,  1  horse-power 
is  evidently  equivalent  to  an  electrical  expenditure  of  746* 
watts  (volt  X  ampere). 

If  now  the  available  power  of  a  dynamo  in  horse-power  units 

be  represented  by  the  symbol   I.H.P. ;  the  efficiency  of  the 

dynamo,  which  for  machines  of  medium  size  is  0*8,  by  f ;  and 

the  electromotive  force  required  for  a  given  electrolytic  process, 

as  found  experimentally,  by  V ;  and,  finally,  if  the  number  in 

the  last  column  of  the  table  be  represented  by  to ;  the  weight, 

W,  of  the  material  that  should  be  yielded  per  hour  in  return 

for  the  specified  expenditure  of  power  may  be  found  from  the 

following  equation : — 

-T-      I.H.P.  X  «  X  to..    ,,     .  . 
W  =  ^ (mlbs.).T 

Current-density. — Bunsen  begins  the  opening  of  one  of  his 
celebrated  electro- metallurgical  theses  with  the  words :  *'  The 
iienaity  of  ike  current  v^ed  for  electrolysis  (that  is  to  say,  the 
relation  of  current  volume  to  electrode  area)  eocerts  the  most  im- 
portant influence  on  its  chemical  effect ;  for  the  power  of  the  current 
to  overcome  (chemical)  affinities  increases  with  this  density.'' 

In  electro-metallurgy  the  cathode  is  chiefly  considered  in 
determining  the  current-density  that  would  be  suitable  in  any 
given  case,  for  it  is  here  that  the  separation  of  metal  takes  place; 

*  [This  is  the  EDglish  horse-power ;  in  the  original  text  the  German  nnit 
is  given,  which  is  equivalent  to  75  kilogramme-metres  per  second,  or 
736  watts. — Tbanslator.] 

t[By  substituting  the  foreign  H.P.  for  LH.P.,  and  the  number  in  the 
last  colilmn  but  one  for  w,  the  result  is  obtained  in  kgs.,  as  given  in  the 
original  work. — Tbamslator.] 


INTRODUCTION.  1 1 

and  the  success  of  the  whole  process  often  depends  on  the  fulfil- 
ment of  the  requirement  that  the  metal  shall  be  obtained  in 
coherent  plates  of  sufficient  thickness, which  shall  not  require  to 
be  melted  or  otherwise  treated  subsequently.  Whenever  pos- 
sible, the  area  of  the  anode  is  made  to  exceed  that  of  the  cathode ; 
then,  the  cathode-surface  remaining  constant,  the  difference  of 
potential  in  the  bath  may  be  reduced  to  any  fixed  limit  by 
increasing  the  anode  area.  The  current-density  at  the  anode 
will  thus  be  lower  than  that  at  the  cathode.  In  the  electrolysis 
of  fused  substances  this  condition  cannot  always  be  observed, 
especially  if  the  containing  vessel  itself  be  employed  as  cathode  ; 
but  the  substances  deposited  at  the  anode  are  in  these  cases 
nearly  always  gaseous  (chlorine,  oxygen,  or  carbonic  oxide),  so 
that  they  rapidly  rise  to  the  surface  and  escape.  No  general 
rule  can  be  laid  down  for  the  selection  of  a  suitable  current- 
density.  But  the  electromotive  force  necessary  for  any  given 
electrolytic  process  should  be  calculated,  and  then  the  metal  should 
be  deposited  by  a  current  of  which  the  potential  does  not  vary 
greatly  from  this  amount.  .  The  current-density  at  the  cathode 
determined  by  this  electromotive  force  will  always  be  correct, 
provided  that  the  metal  deposited  has  the  desired  properties. 

Calculation  of  Potential. — For  full  details  of  calculations 
to  determine  the  electromotive  force  required  in  an  electrolytic 
process,  reference  should  be  made  to  the  text-books  named  above. 
For  use  in  metallurgical  practice,  and  in  the  research  labora- 
tories connected  with  works,  the  formulae  hitherto  employed  are 
not  in  all  cases  suitable  since,  as  Nernst  himself  points  out^ 
only  those  circuits  in  which  liquids  alone  are  employed  to  the 
exclusion  of  metals  have  at  present  been  studied  in  full  detail. 
For  the  electro-deposition  of  metals  such  calculations  are  rarely 
made,  the  chief  desideratum  being  the  extraction  of  the  re- 
quired metal  in  a  directly  iitilisable  form.  This  difficulty  has 
caused  the  failure  of  many  theoretically  good  processes;  and 
even  the  most  accurate  calculation  can  only  afford  values  which 
approximate  the  real  requirements.  But  these  are  imper- 
fections inseparable  from  the  comparatively  crude  methods  of 
work  required  in  practice ;  and  they  will  in  no  wise  detract 
from  the  services  of  Nernst,  who  has  given  so  clear  an  insight 
into  the  phenomena  of  electrolysis. 

Formulae  for  the  calculation  of  approximate  values  have  been 
determined  as  follows  : — One  coulomb  (ampere-second)  deposits 
0-010359  multiplied  by  a  milligramme-equivalent  (or  0-000010359 
times  a  gramme-equivalent)  of  any  substance.  A  gramme-equi- 
valent of  any  ion  carries,  therefore,  a  charge  of  96,537  coulombs. 
If  the  ion  should  be  set  in  motion  by  an  electromotive  force,  E 
(in  volts),  an  expenditure  of  work  equivalent  to  96,537  x  E 
joules  is  effected.  Since  the  work  of  1  joule  ( =  1  volt-coulomb) 
is  equal  to  the  energy  which  an  acceleration  of  1  metre  in  a 
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second  is  able  to  impart  to  a  mass  of  1  kilogramme  (and  is 
therefore  equivalent  to  ^--r  =  0*102  kilogramme-metre),  it  cor- 
responds to  0*00024  kilogramme-calorie,  or  0*24  gramme-calorie, 
425  kilogramme-metres  being  equivalent  of  1  kilogramme-calorie. 
The  heat  of  decomposition  (H)  of  a  gramme-equivalent  of 
various  substances  would,  therefore,  correspond  to  a  heat  quan- 
tity of  0'24  X  0*96537  x  E  gramme-calorie.  From  this  equation 
H  =  0*24  X  0*96537  x  E  is  obtained 

p  H  H 

0-24  X  96537       23169 

If  the  usual  heat  of  formation  of  a  compound  be  taken,  this 
number  may  be  substituted  for  H  ;  but  then  the  fraction  must  be 
divided  by  the  number  (n)  representing  the  valency  of  the  ions 
contained  in  the  solution ;  therefore 

H 


E  = 


n  X  23169 


ELECTRO-THERMIC  WORK. 

The  heat  evolved  by  a  current  of  1  ampere  in  traversing  a 
resistance  of  1  ohm  amounts  to  0*24  gramme-calorie  per  second ; 
and  to  produce  a  current  of  1  ampere  in  a  resistance  of  1  ohm, 
a  fall  of  potential  of  1  volt  is  necessary.  The  heat-equivalent 
of  1  watt  (I  volt-ampere)  is  therefore  0*24  gramme-calorie,  so 
that  an  electric  horse-power  (746  volt-amperes)  affords  0*179 
kilogramme-calorie  per  second.  Given,  then,  a  known  power 
(I.H.P.)  in  horse-power,  the  heat  obtainable  from  it,  H  (in 
kilogramme-calories),  in  tbe  external  electric  circuit  is 

H  =  0*179  X  T.H.P.  X  $^  X  6,  X  j^ 

if  the  efficiencies  of  the  motor,  of  transmission,  and  of  the  dynamo, 
respectively  be  represented  by  the  symbols  e^,  «„  and  j^. 

With  a  given  current  strength,  C  (in  amperes),  and  a  known 
resistance,  R  (in  ohms),  the  heat  /^  (in  gramme-calories)  obtain- 
able in  t  seconds  can  be  determined  by  the  following  formula  of 
Joule's : — 

h  =  0-24  X  C2  X  R  X  <. 

From  the  numbers  so  obtained,  and  from  the  weight  and  the 
specific  heat  of  the  substance  which  affords  the  resistance,  the 
approximate  temperature  obtainable  may  be  determined  with 
ease,  especially  if  the  duration  of  the  electric  heating  be  short. 
The  materials  for  further  calculation  are  to  be  found  in 
electro- technical  hand-books  and  publications,  incorporated  in 
numerous  tables  of  the  electrical  properties  of  the  more  im- 
portant materials. 
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The  heating  effect  of  the  electric  current  has  become,  in  electro, 
metallurgy,  of  scarcely  less  importance  than  the  chemical ;  and 
in  effecting  the  more  difficult  reactions,  the  advantages  of  the 
electrical  heating  process,  as  compared  with  those  utilising  the 
heat  of  combustion,  must  be  manifest. 

The  limit  of  temperature  that  may  be  reached  by  electro- 
thermic  processes  is  at  least  2,000°  C.  above  the  highest 
attainable  by  combustion,  and  may  be  taken  at  about  4,000°  0. 
To  reach  this  temperature,  only  the  purest  carbon  blocks 
may  be  used  as  conductors  and  resistances  for  the  current,  and 
even  these  begin  to  be  converted  into  vapour  at  about  4,000°. 

The  desired  temperature  is  produced  by  the  conversion  of 
electric  energy  into  heat  either  within  the  substaoce  to  be 
heated,  or  in  other  substances  placed  in  immediate  contact  with 
it.  For  this  purpose,  if  tlie  material  to  be  treated  be  a  con- 
ductor, it  is  introduced  as  a  resistance  into  the  electric  circuit ; 
otherwise  it  is  placed  in  intimate  contact  with  a  suitable 
resistance.  Substances  fusible  or  reducible  with  difficulty  may 
be  thus  treated  even  in  vessels  made  of  a  non  -  refractory 
material,  or  of  one  which,  if  raised  to  the  full  temperature  of 
the  furnace,  would  exert  a  prejudicial  influence  upon  the 
chemical  reactions  taking  place  within.  By  heating-methods 
of  this  character,  the  author  has  succeeded  in  proving  that 
m>ery  oxide  is  capable  of  being  reduced  by  means  of  carbon, 

A  further  great  advantage  in  the  use  of  electric  furnaces  is  the 
possibility  of  a  rapid  and  almost  instantaneous  heating  to  the 
required  temperature,  and  of  an  equally  rapid  regulation  of  the 
heat  applied.  Finally,  it  may  be  noted  that  the  electric  heating 
of  a  substance  may  readily  be  conducted  in  vaaw,  or  in  any 
required  atmosphere,  so  that  the  chemical  action  of  particular 
gases  may  be  excluded  or  applied  at  will. 

[The  Cost  of  Eleotro-metallurgical  Work.— This  is  ob- 
viously one  of  the  points  upon  which  it  is  most  difficult  to 
generalise.  It  is  characteristic  of  "applied  science"  that 
apparatus  and  methods  must  be  modified  to  suit  local  con- 
ditions ;  and  there  must  be  an  elasticity  of  detail  in  an  indus- 
trial process,  that  is  often  under-estimated  by  those  who  have 
never  come  into  touch  with  practical  work.  But  if  the  process 
itself  be  subject  to  variation,  the  cost  is  even  more  so;  for  this 
depends  partly  upon  the  special  modification  of  the  process 
that  is  adopted  (which  is,  of  course,  governed  to  a  large 
extent  by  the  same  local  conditions  that  influence  the  cost); 
partly  upon  the  charges  for  supervision,  and  for  labour,  skilled 
and  otherwise;  partly  upon  the  situation  of  the  works,  their 
proximity  to  the  raw  material  and  to  sources  of  power,  and 
the  expense  of  transport  both  for  plant,  materials,  and  finished 
product ;  partly  upon  the  nature  of  the  power  used,  and  upon 
the  way  in  which  it  is  applied ;  and  partly  upon  the  size  of 
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the  installation,  and  the  continuity  with  which  it  is  run.  If 
steam-power  be  used,  the  local  cost  of  the  fuel  per  heat  unit, 
and  other  minor  considerations  connected  with  the  behaviour 
of  the  fuel  during  combustion,  must  be  known;  and  if  water 
power  be  available,  the  cost  of  damming,  diverting,  controlling, 
and  utilising  the  water  must  be  taken  into  account,  together 
with  the  rental  of  the  fall,  and  the  possibility  of  climatic  inter- 
ruptions to  the  continuity  of  the  process.  All  these  conditions 
are  so  variable  under  different  circumstances  that  it  is  im- 
possible to  give  any  generally  applicable  estimate  of  cost. 

In  generating  electricity  by  steam-power,  it  has  been  found 
that  in  electric-lighting  stations,  a  Board  of  Trade  unit  of 
electricity  (that  is,  1,000  watt-hours  or  1  kilowatt-hour)  may 
be  produced  with  good  triple-expansion  engines  for  IJd.  This 
sum  is  equal  to  l^d.  per  electrical  H.P.,  and  includes  such 
indirect  charges  as  management,  interest,  and  depreciation,  &c. 
In  very  large  lighting  installations  the  cost  has  been  reduced 
considerably  below  this  figure ;  and  there  is  no  doubt  that  with 
continuous  working  it  should  be  very  far  below  it.  It  must 
be  remembered  that  in  electric  light  stations  the  work  is  very 
intermittent,  and  the  average  proportion  of  the  capacity  of  the 
plant  actually  used  is  rarely  in  excess  of  20  per  cent.,  even 
when  calculated  upon  the  whole  year,  and  that  these  con- 
ditions are  most  unfavourable  to  economy.  The  annual  cost 
of  each  H.P.,  if  calculated  on  the  basis  of  l^d.  per  E.H.P.-hour 
for  365  X  24  hours  would  amount  to  a  little  over  £41.  A  very 
small  plant,  even  if  worked  continuously,  might,  it  is  true,  give 
an  equally  unfavourable  result,  but  with  a  large  plant  run 
continuously,  such  as  would  be  used  in  electro-metallurgical  in- 
stallations, it  should  not  exceed  one-third,  and  under  favour- 
able circumstances  it  may  be  less  than  one-fourth,  this  amount. 

Bmery*  has  estimated  as  follows  the  cost  of  running  a  250- 
H.P.  compound  condensing  engine,  requiring  18  lbs.  of  water 
per  I.H.P.,  assuming  an  evaporation  of  8|  lbs.  of  water  per 
lb.  of  coal,  with  coal  at  12s.  6d.  per  ton  : — 

Cost  of  coal  pernet  H.  P.  .  .  .  =  0'173d. 
Labour  (in  nianufactaring  dlBtricts)  .  =  0'085d. 
Supplies  and  ordinary  repairs  t.         .         =  0*045d. 


Sinking  fund,  taxes,  and  insurance  (at 

5  per  cent,  on  total  cost)     .         .         =  0'052d. 
Interest  on  capital  (at  5  per  cent,  on 

total  cost) =  0'052d. 


0-303d. 


0104d. 


Total  cost  per  net  H.  P.         .         =  0*407d. 

*  Electrician  f  1896,  vol.  xxzviii,  p.  9.  The  original  estimate  is  given 
in  dollars  and  cents ;  for  purposes  of  calculation,  these  have  been  reckoned 
at  48.  2d.  and  ^d.  respectively. 

t  This  charge  is  based  on  observation. 
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This  estimate  is  apparently  made  out,  however,  upon  the 
basis  of  a  3,080-honr  year  (or  10  hours  a  day  for  308  days) ; 
if  run  continuously  the  above  cost  works  out  to 

(365  X  24  X  0-407)d.  =  £14,  17s., 

as  the  cost  of  each  H.P.  per  annum.  In  the  latter  case  all  the 
items  would  be  smaller  than  those  given  in  the  estimate,  aod  the 
annual  cost  of  each  H.P.  should  therefore  fall  proportionately 
below  £14,  17s.  With  a  triple-expansion  engine  of  500  H.P., 
using  every  care,  the  cost  of  a  net  H.P.  hour  is  estimated  at 
0*35d.  per  hour,  or  (less  than)  £12,  15s.  per  annum  on  continuous 
running.  It  will  thus  be  seen  that  continuous  work  and  the 
use  of  a  high  percentage  of  the  load  for  which  the  generators 
were  designed  are  most  favourable  to  economy,  and  hence  to 
the  application  of  power  to  electro-metallurgical  work. 

The  cost  of  water-power  is  very  variable.  Emery  (loc.  eit) 
states  that  it  has  been  developed  in  America  for  from  £1, 13s.  to 
£2,  10s.  per  H.  P.- year ;  but  that  in  a  plant  on  the  Merrimac, 
mainly  owing  to  high  rent-charges,  it  has  cost  £6, 5s.  per  annum. 
The  cost  at  Scbaffhausen  is  taken  at  £2,  10s.  per  H.P. -year.  It 
is  a  somewhat  common  fallacy  to  assert  that  water-power  may 
be  had  for  nothing,  but  the  capital  outlay  upon  an  installation 
for  utilising  it  may  be  very  considerable,  and  in  some  cases  might 
be  almost  prohibitive  ;  and,  as  Swinburne  has  pointed  out,  it  is 
probable  that  in  the  course  of  a  few  years  the  commercial  value 
of  waterfalls  will  become  better  known,  higher  rents  will  be 
demanded,  and  the  balance  in  favour  of  water  as  compared  with 
steam-power  will  then  be  reduced  almost  to  a  vanishing  point. 

There  are  to  be  seen  in  America  electro-metallurgical  works 
using  steam  in  successful  competition  with  others  run  by 
water-power.  Hence,  although  streams  and  falls  will  naturally 
be  utilised  as  fully  as  possible,  there  is  little  doubt  that  steam 
will  be  more  than  able  to  hold  its  own  in  this  field,  more 
•especially,  if  advantage  be  taken  of  the  waste  power  that  is 
superabundantly  available  in  many  districts.  The  outlook  for 
■electro-metallurgy  is  therefore  bright.  Very  many  electric 
smelting  and  refining  processes  have  already  displaced  the 
older  and  more  costlv  and  cumbrous  metallurgical  methods, 
M  the  following  pages  will  show,  and  every  year  brings  fresh 
victories  in  the  same  field — Translator.] 
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PART    I.— ALKALI-   AND   ALKALINE 

EARTH    METALS. 


For  electro-metallurgical  purposes  it  is  convenient  to  adopt  a 
system  of  grouping  somewhat  different  from  that  which  may  be 
considered  as  purely  chemicaL  Classified  according  to  analogies 
in  the  methods  of  production,  these  metals  would  be  included  in 
the  following  groups : — 

First  Group. — Magnesium,  Lithium,  Beryllium. 

Second  „  Sodium,  Potassium. 

Third     „  Calcium,  Strontium,  Barium. 


FIRST  GROUP.— MAGNESIUM,  LITHIUM,  BERYLLIUM. 


CHAPTER  L 

MAGNESIUM. 

Properties  of  the  Metal. — Magnesium  (Mg,  Atomic  weight 
s  24 ;  specific  gravity  =  1  -75)  is  a  white  lustrous  metal  with  a 
fibrous  crystalline  structure ;  it  is  so  far  malleable  that  it  may 
be  rolled  into  wire  or  ribbon,  but  by  reason  of  its  relatively  low 
toughness  it  can  readily  be  reduced  by  filing  to  a  fine  powder,  a 
property  which  greatly  favours  the  use  of  the  metal  in  pyro- 
techny.  It  melts  at  a  temperature  of  500°  to  600*  C,  and  boils 
at  temperatures  exceeding  1,100°  C.  Large  and  thick  pieces  of 
the  metal  are  but  little  altered  by  exposure  to  the  air,  although 
they  may  become  superficially  oxidised,  especially  in  the  presence 
of  moisture;  they  may  even  be  melted  in  an  open  crucible 
without  risk  of  burning.  In  the  form  of  a  fine  powder  or  thin 
plate,  however,  magnesium  oxidises  very  readily,  and  at  a  higher 
temperature  it  burns  with  a  brilliant  light,  which  is  particularly 
rich  in  the  chemically  active  rays.     The  powdered  metal  also, 
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when  once  moistened,  cannot  be  dried  without  undergoing  com- 
plete oxidation.  At  the  ordinary  temperature  it  readily 
decomposes  water  which  contains  even  a  small  proportion  of 
dissolved  salts,  but  it  has  less  effect  on  pure  water.  Finely 
divided  magnesium  bums  freely  in  superheated  steam^  in  sulphur, 
and  in  the  halogens.  The  metal  dissolves  readily  in  most  acids 
and  salts ;  in  the  latter  case  it  either  displaces  the  metal  which 
the  salts  contained  previously,  or  it  forms  basic  compounds  with 
the  salts  themselves.  The  heat  of  formation  of  magnesium 
compounds  is  so  great  [Mg  +  O  =  MgO  (146,100)]  that  the 
metal  is  able  to  liberate  not  only  other  metals,  but  even  met- 
alloids, from  their  compounds,  so  that,  for  example,  carbonic 
oxide,  carbon  dioxide,  silica,  and  boron  trioxide  are  reduced  by 
it,  with  separation  of  carbon,  silicon,  and  boron  respectively. 

Ooourrence  in  Nature. — It  is  evident,  therefore,  that  mag- 
nesium cannot  occur  in  the  free  state  in  nature.  It  is  found  in  the 
form  of  salts;  as  a  haloid  salt  in  camalUte  (MgCl^  .  KOI .  GH^O) 
and  kainite  (MgCl«.  MgSO^ .  K^SO^ .  BHgO);  as  sulphate  in 
Ideserite  (MgSO^ .  Hfi) ;  as  carbonate  in  magnesite  (MgCOg) 
and  dolomite  (MgCOg  .  nCaCOg)  ;  as  silicate,  always  in  combina- 
tion with  other  silicates,  in  asbestos,  steatite,  serpentine,  talc, 
meerschaum,  and  many  other  minerals.  Of  all  these  minerals 
camallite  is  alone  employed  as  a  source  of  metallic  magnesium. 

Early  Experiments  in  Beduotion. — If  one  may  judge 
from  Davy's  account  of  the  properties  of  the  metal  that  he 
obtained,  it  seems  improbable  that  his  experiments  in  the 
reduction  of  magnesia*  by  means  of  potassium  vapour  at  a 
white  heat  actually  yielded  magnesium.  Bussy,t  Buff,t  and 
liebig,  §  however,  obtained  the  pure  metal  by  decomposing  the 
chloride  with  potassium,  and  thus  imitating  Wohler's  method 
of  reducing  aluminium. 

Bunsen's  Electrolytic  Beduotion  Process. — Bunsen  was 
the  first  to  recognise  the  possibility  of  decomposing  fused  mag- 
nesium chloride  by  electrolysis,  and  to  indicate  the  manner  in 
which  other  metcJlic  chlorides  or  halogen  compounds  in  the 
fused  and  anhydrous  condition  might  also  be  decomposed  into 
metal  and  halogen.  In  1852  he  published  a  note||  on  this 
subject,  of  which  the  following  is  a  translation  : — *'  Fused  mag- 
nesium chloride  is  so  easily  decomposed  by  the  current,  that 
several  grammes  of  heavy  metallic  regulus  may  be  obtained  from 
it  in  a  short  time  with  the  aid  of  a  few  carbon-zinc  elements. 

"  The  magnesium  chloride  is  best  prepared  by  Liebig's  well- 
known  method.      For  the  decomposing  cell  it  is  convenient  to 

*  Phil.  Trans.,  London,  1808,  p.  336. 

t  Jowm.  de  Chim,  nUdicale,  1849,  vol.  vi.,  p.  141. 

t  Pogg.  Ann.,  vol.  xviiL,  p.  140. 

§  Pogg.  Ann.,  vol.  xix.,  p.  137. 

II  Liebig*a  Ann.,  1852,  voL  Ixxxii.,  p.  137. 
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use  a  porcelain  crucible  (Fig.  2)  about  3^  in.  high  and  2  in.  wide, 
divided  into  two  compartments  by  a  diiiphragni,  rea<diing  from 
tha  top  half  way  to  the  bottom ;  in  one  of  these  the  liberated 
chlorine  escapee  upwards,  and  is  thus  prevented  from  obtaining 
access  to  the  magnesiuui  deposited  in  the  other.  The  diaphragm 
may  conveniently  be  made  from  a  thin  porcelain  cover,  broken 
to  the  required  shape  with  the  aid  of  the  notchi-B  of  a  key.  The 
crucible  is  covered  witb  a  lid  made  of  ordinary  fire  tile,  filed 
into  shape,  and  bored  with  two  holes  (Fig.  3)  through  which  the 
poles  are  pssaed.  These  poles  are  cut  out  of  the  material  from 
which  tlie  battery  carbons  are  prepared,  a  process  that  present* 
no  difficulty,  as  such  carbons  may  easily  be  bored,  turned  on  the 
lathe,  filed,  or  even  provided  with  a  screw  thread.  The  carbon 
poles  are  fastened  to  the  cover  by  means  of  the  wedsee  d,  d, 
which  are  also  of  carbon,  and  which  serve  to  grip  the  ^atinum 
strips  that  are  used  to  convey  the  current  to  and  from  the 


apparatus.  The  saw-like  notches  in  the  negative  pole  are 
provided  to  retain  the  reduced  metal  which  collects  in  them 
in  the  form  of  regulus.  In  the  absence  of  this  arrangement, 
the  metal  would  6oat  to  the  top  of  the  relatively  heavier  liquid 
and  would  there  be  at  least  partially  burned.  In  conducting 
the  experiment,  the  crucible,  with  the  cover  and  the  poles 
attached,  to  it,  are  first  heated  until  they  are  red  hot,  t^ey 
are  next  filled  to  the  brim  with  fused  magnesium  chloride,  and 
the  electric  cii-cuit  is  then  completed." 

Bunsen  quotes  by  way  of  example  an  experiment  in  whi(^ 
the  current  from  10  carbon-iinc  elements  was  allowed  to 
operate  for  116  minutes.  From  the  measurements  that  were 
made  at  intervals  of  five  minutes,  he  calculated  the  theoretical 
quantity  of  reduced  magnesium  at  4'096  grammes,  which  would 
correspond  to  a  current  of  47  amperes.  Since  no  details  are 
given  of  the  size  and  arrangement  of  the  battery  cells,  it  is 
impossible  to  ascertain  what  electromotive  force  was  used  for  the 
deoomposition  in  thia  experiment. 
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Hatttaiessen'B  I>oiible>Chloride  Frooeaa. — Matthiesaen'i 
proposal*  to  substitute  the  double-chloride  of  magneaium  and 
potaaaium  (camallite)  for  the  single  magnesium  chloride,  which 
is  with  difficulty  obtained  anhydrous,  is  especially  worthy  of 
notice,  as  it  has  been  adopted  at  a  later  date  for  the  production 
of  magnesium  on  a  manufacturing  scale. 

Berthaut'B  Frooeaa. — Bertbanl'a  patented  process  t  consisted 
in  the  use  of  a  soluble  anode  made  by  compreasiDg  a  mixture  of 
carbon  and  magnesia,  and  employing  it  in  a  bath  of  magnesium 
chloride.  This  was  an  imitation  of  Deville's  proposal  {  to  use  an 
anode  composed  of  aluminium  and  carbon  for  the  reduction  of  alu- 
minium.    Electrodes  of  this  description,  however,  are  liable  to 


Fig.  i. — Oorap-B«suoez  apparatus, 

crumble  up  owing  to  the  extraction  of  the  oxide,  and  thus  to 
contaminate  the  bath.  This  disadvantage  was  understood  by 
Le  Chatelier,!  who  sought  to  overcome  it  hjf  enclosing  the 
anodes  in  poroua  cells.  Although  DeviUe'n  and  lie  Chatelier's 
inventions  were  primarily  intended  to  be  applied  to  aluminium 
redaction,  they  are  equally  available  in  the  extraction  of  mag- 
nesium, aa  Berthaut  has  recognised,  for  he  has  included  the 
redaction  of  both  these  metals  in  his  patent,  and  has  adopted 
Deville's  proposal  as  his  own  invention.  Everyone,  however, 
who  has  experimented  with  electrodes  of  this  description  has 

i  See  Aliitttlntum. 
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become  convinced  of  their  useleBBnesa.  Although  the  idea  is 
andoubtedlj  sound,  it  has  not  been  possible  to  cany  it  into 
effect  owing  to  technical  difficulties  that  are  practically  insni> 
mountable. 

Small-Boale  Apparatus. — Avery  simple  apparatus  for  lecture 
experiments  has  been  described  by  v.  Gorup-Besanez  :*  a  clay 
pipe  is  supported  in  a  holder  (Fig.  4),  and  the  bowl  is  filled  with 
the  double-chloride  of  mMnesium  and  potassium,  which  is  then 
melted  with  the  aid  of  a  Bunsen  burner.  A  knitting-needle  is 
now  introduced  through  the  stem  until  it  comes  into  contact 
with  the  fused  salt.  The  needle  being  connected  outside  with 
the  negative  pole  of  a  battery  forms  the  cathode  ;  a  fragment  of 
coke  connected  with  the  other  pole  and  dipped  into  the  bowl  of 
the  pipe  from  above  serves  as  anode.  After  cooling,  small 
globules  of  magnesium  are  to  be  found  distributed  through  the 
solidified  mass  of  salt ;  but  the  greater  part  of  the  magneBinm 
reduced  in  this  eiperiment  is  burned. 

Fischer's  Apparatus. — Apparatus  of  the  type  suggested  by 
F.  Fiachert  in  1H82  for  the  electrolysis  of  earnallite  is  not  well 
adapted  to  the  reduction  of  magnesium.    Fig.  6  shows  a  long- 


shaped  vessel,  G,  made  of  graphite  or  magnesia,  in  which  the 
magnesium  chloride  of  the  earnallite  is  decomposed  by  a  power- 
ful electric  current  that  passes  through  the  positive  carbon  plates 
a  placed  on  each  of  the  long  sides,  and  the  negative  pole  «  placed 
between  them.  Throughout  the  experiment  a  current  of  re- 
ducing gas  is  passed  through  c  to  prevent  the  re-(K>mbination  of 
the  reduced  magnesium  with  the  liberated  chlorine  in  the  upper 
part  of  the  vesseL    The  mixture  of  gases  makes  its  escape  partly 
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through  the  crevice  betveen  the  crucible  and  the  cover  v,  aad 

rtly  through  a  tube  provided  at  the  opposite  end  of  the  cell 
Fischer  attempted  to  evolve  a  continuous  system  of  electro- 
lysis by  causing  the  melted  double  salt  to  flow  through  a  series 
of  porcelain  tubes,  2,  (Fig.  6),  arranged  in  succession  in  a  suitable 
furnace,  and  provided  with  electrodes,  a,  consistia;!;  of  half- 
round  carbon  plates,  between  which  the  fused  salt,  n,  flowed  one 
way,  and  a  current  of  gas,  s,  in  the  opposite  directioo.  In  each 
of  these  forma  of  apparatus  the  major  part  of  the  separated  mag- 
nesium would  be  burned  by  the  chlorine,  which  is  produced 
simultaneously,  before  the  protecting  influence  of  the  reducing 
gases  could  come  into  play.      Fischer  accordingly  replaced  thui 


Fig.  T.  — Fischer'B  later  npparatoB. 

apparatus  very  shortly  afterwards  by  another  of  more  practical 
construction.*  In  this  case  the  porcelain  crucible  (from  the 
Bojal  porcelain  &ctory  in  Berlin)  was  enclosed  within  two 
cylinders,  a  and  b,  made  of  sheet  iron  lined  with  asbestos  (Fig.  7), 
bound  by  three  strijug  wires  beneath,  and  supported  on  three 
feet,  z.  The  object  of  the  rings  was  to  equalise  the  temperature, 
so  that  the  crucible  might  be  steadily  and  uniformly  raised  to  a 
clear  red  heat.  The  cover,  c^  was  also  coated  on  the  under  side 
with  asbestos,  and  had  an  opening  through  which  the  crucible 
might  easily  psss,  in  order  that  it  should  rest  upou  a  thick  iron 
wire,  protected  from  the  action  of  the  flame  by  a  pipe-clay  tube, 
*  Wmgner-Fischer,  Jahreibericla  dtr  Chtm.  Teehn.,  1SS4,  p.  1317. 
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X.  The  hot  gases  from  the  thr^e  burners  circulated  evenly 
around  the  crucible  inasmuch  as  they  were  afterwards  compelled 
to  pass  downwards  between  a  and  b  in  the  direction  indicated  by 
the  arrows.  As  soon  as  the  double  salt  was  melted,  a  circular 
asbestos  plate,  v,  wisis  placed  upon  the  crucible,  and  pressed  into 
close  contact  with  the  rim  by  a  heavy  cast-iron  ringy^I  Passing 
through  the  asbestos  cover  was  a  clay  tube,  o  (made  by  removing 
the  bottom  from  a  porous  battery-cell),  in  the  side  of  which  a  few 
holes  were  bored.  Through  the  clay  tube  there  were  passed 
both  the  carbon,  which  served  as  positive  electrode,  and  a  small 
tube  provided  with  a  side  connection,  r,  for  the  removal  of 
chlorine.  These  were  kept  in  place  by  means  of  asbestos  plates. 
This  form  of  tube  was  chosen  in  order  to  facilitate  the  removal 
of  accidental  obstructions,  and  to  enable  the  operator,  after 
raising  the  stopper,  to  test  for  the  evolution  of  chlorine  by  the 
application  of  a  strip  of  litmus  paper.  A  length  of  iron  wire,  «, 
5  mm.  thick,  served  as  the  negative  pole,  and  had  its  lower  end 
bent  into  a  ring  so  as  to  encircle  the  carbon.  A  very  gentle 
current  of  reducing  or  neutral  gas,  previously  dried  by  passing 
over  calcium  chloride,  was  introduced  through  the  tube  g,  and 
made  its  escape  along  with  the  chlorine  through  r.  When  coal 
gas  was  used,  the  hydrogen  and  hydrocarbons  present  in  it  com- 
bined with  the  chloiine. 

The  electric  current  was  derived  from  a  dynamo  built  by 
TJppenborn  and  Gackenholz,  and  capable  of  affording  a  current  of 
about  50  amperes  at  irom  9  to  10  volts ;  and  the  dynamo  was 
driven  by  a  1-H.P  gas  engine  made  by  Korting,  of  Hanover. 
When  one  crucible  was  employed,  the  current  strength  averaged 
35  amperes  ;  but  by  coupling  two  crucibles  in  series,  it  ranged 
from  22  to  25  amperes,  which  was  equivalent  to  from  44  to  50 
amperes  in  the  two  together,  and  the  hourly  out-turn  of  mag- 
nesium amounted  to  10  grammes  [154  grains.]  The  metal  was 
deftosited  in  the  form  of  a  slime  upon  the  negative  electrode,  but 
melted  at  a  clear  red  heat  into  globules  of  the  size  of  a  nut 
which  slowly  rose  to  the  surface.  Instead  of  the  iron  ring  e,  a 
carbon  plate  may  be  used  as  cathode,  and  from  this  the  globules 
of  magnesium  detach  themselves  more  readily  than  they  do  from 
the  former.  By  this  method  the  reduction  of  magnesium  may 
readily  be  made  the  subject  of  a  lecture  experiment. 

Magnesium  may  be  produced  conveniently  enough  in  Fischer's 
apparatus,  but  the  decomposing  cell  has  the  disadvantage  of  being 
very  fragile.  For  lecture  and  laboratory  purposes  the  apparatus 
is  certainly  useful ;  but  in  no  case  is  it  adapted  for  regular  use 
on  a  large  scale,  as  one  would  suppose  it  to  be  from  the  account 
given  in  Wagner-Fischer's  Handbuch  der  Chemisclien  Technologie 
(edition  1893),  where  it  is  the  only  form  described. 

Graetzel's  Apparatus. — A  short  time  before  the  publication 
of  the  above  process,  Graetzel's  patent*  was  taken  out.      This 

*  German  Patent,  26,962,  1883. 
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patent,  which  has  been  (Jescribed  very  frequently,  was  a  combi- 
nation of  several  ideas.  The  following  account  is  taken  from 
the  specification : — 

"The  present  improvements  in  apparatus  for  the  electrolytic 
produccion  of  the  alkaline  earth  metals  on  a  manu&ctaring 


Fig,  8. — Onetsel's  ippar&tui. 


Fig.  9.— UrBetsel'a  appMitos. 

scale  from  their  respective  chlorine  and  fluorine  compounds, 
with  the  subsidiary  assistance  of  a  current  of  reducing  gas, 
consist,  on  the  one  hand,  in  the  use  of  the  melting  vessel  itself 
as  the  negative  electrode,  and,  on  the  other  hand,  in  the  separ- 
ation of  the  two  electrodes  in  such  a  way  that  the  chlorine 
produced  at  the  positive  electrode  can  be  carried  off  separately 
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from  the  redaciug  gases.  A  dynamo  is  employed  as  the  aonrce 
of  electricity." 

Of  the  accompanying  il lustra tioDB,  Figs.  8  and  9  show  the 
loQgitudinal  aad  the  crOBS  Bectioos  respectively  of  the  apparatus 
as  used  for  the  production  of  magnesium  ;  Fig.  11  gives  a  longi- 
tudinal Bection  of  the  plant  arranged  for  producing  aluminium ; 
whilst  Fig.  10  is  a  view  of  the  inner  vessel,  G. 

The  melting  vessels.  A,  which  also  serve  as  electrolyto  cells, 
are  set  in  the  furnace,  O,  each  in  its  own  hearth ;  they  may  be 
arranged  either  in  parallel  circuit  or  in  series,  and  range  &om 
two  to  five  in  number,  according  to  the  strength  of  current 
available.  The  vessels,  A,  which  may  have  any  desired  form, 
but  are  most  conveniently  crucible-shaped,  are  made  of  metal, 
and  are  used  as  negative  electrodes ;  those  intended  for  alu- 
minium reduction  are  of  copper,  iron,  or  steel,  and  those  for 


Fig.  10.  Fig.  11. 

Groetzel'i  apiisrattu. 

magnesium  of  malleable  cost  steel.  Each  stands  upon  a  fire- 
brick plate  placed  in  the  middle  of  a  grate,  and  the  furnace 
is  closed  by  means  of  a  fire-brick  cover,  divided  into  two 
halves,  and  shaped  to  suit  the  disposition  of  the  melting  vesneL 

Each  melting  vessel  is  provided  with  a  lid,  e,  e,  of  the  same 
metal  as  the  vessel  itself,  and  the  reducing  gases  are  led  into 
it  from  the  main,  o,  through  the  tube  o\  and  are  afterwards 
conducted  away  through  o^  into  the  return  main,  q. 

Id  order  to  insulate  the  electrodes  and  to  keep  the  chlorine 
(which  is  evolved  in  K)  separate  from  tlie  reducing  gas,  the 
carbon  electrode  is  enclosed  in  a  special  vessel,  G,  which  is 
suspended  within  the  crucible.  A,  through  an  opening  in  its 
cover,  e.  This  vessel,  G,  is  made  of  fireclay,  porcelain,  or 
other  fire-resisting  material,  which  must  at  the  same  time 
be  a  non-conductor  of  electricity,  and  is  preferably  cylindrical 
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in  shape.  It  is  closed  above  with  a  cover,  through  which  the 
carbon  electrode  is  passed,  whilst  at  the  bottom  or  on  its  sides 
it  is  provided  with  perforations,  ^,  which  serve  to  give  the 
melted  charge  free  access  to  the  carbon  anode.  The  chlorine 
generated  in  G  escapes  through  a  side  tube,  jti^,  at  the  top  of 
the  compartment  into  the  chlorine  main  p,  which,  like  the 
mains  o  and  g,  serves  all  the  crucibles  in  the  installation.  The 
coupling  of  several  melting  vessels  with  one  battery  is  effected 
in  the  usual  manner,  as  indicated  in  the  illustrations,  where 
m  and  n  represent  the  connections  with  the  dynamo. 

For  the  reduction  of  aluminium  the  arrangement  of  the 
apparatus  is  somewhat  modified.  This  metal  tends  to  sink 
to  the  bottom  of  the  melting  vessel,  and  so  to  come  into  contact 
with  the  negative  electrode,  which  should,  therefore,  consist 
of  a  separate  metallic  conductor  (preferably  of  aluminium)  in- 
dependent of,  and  inserted  within,  the  crucible.  Accordingly, 
the  crucible,  8  (Fig.  11),  is  made  of  porcelain  or  stoneware,  or 
of  some  other  refractory  material  of  a  similar  nature,  and  is 
protected  from  direct  contact  with  the  flame  by  an  outer 
sheathing  of  metal.  The  metallic  conductor  r,  placed  within  5, 
is  connected  to  the  negative  pole  of  the  dynamo.  If  preferred, 
the  cathode-cell  may  be  introduced  into  a  graphite  crucible 
instead  of  into  a  porcelain  vessel,  in  which  case  the  outer 
metallic  sheath  may  be  omitted ;  or  it  may  be  used  in  con- 
junction with  a  metallic  vessel,  which  must,  of  course,  be 
capable  of  resisting  the  heat  to  be  applied. 

In  order  to  lessen  the  internal  resistance  of  the  apparatus, 
and,  at  the  same  time,  to  enrich  the  bath  as  the  supply  of 
electrolyte  becomes  exhausted,  the  plates  or  rods,  M,  which 
consist  of  a  mixture  of  alumina  and  carbon  for  the  reduction 
of  aluminium,  or  of  magnesia  and  carbon  for  that  of  magnesium, 
are  introduced  into  the'  compartment,  G,  parallel  with  the 
carbon  electrode,  but  quite  independent  of  it.  The  carbon 
combines  with  the  oxygen  of  the  oxide  in  these  rods,  and  thus 
enables  the  metal  previously  combined  with  the  oxygen  to 
unite  with  the  chlorine  that  is  present  in  the  compartment. 

The  following  claims  are  made  in  this  patent  specification : — 
1.  An  apparatus  for  the  production  on  a  manu£su;turing  scale 
of  the  earth  metals  from  their  anhydrous  chlorine  and  fluorine 
compounds,  consisting  of  a  closed  metallic  melting  vessel.  A, 
which  serves  also  as  the  negative  electrode,  with  inlet  and 
outlet  for  reducing  gas,  in  combination  with  the  non-conducting 
and  fire-resisting  vessel,  G,  which  surrounds  the  positive  electrode, 
K,  and  is  provided  with  openings  in  the  sides  or  at  the  bottom, 
to  insulate  the  electrodes  from  one  another,  and  to  facilitate  the 
separate  removal  of  the  halogen  produced.  2.  In  the  manu- 
facture of  aluminium  on  a  large  scale  in  the  above-described 
manner,  the  use  of  metallic  conductors,  especially  of  aluminium, 
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introduced  into  the  melting  Vessel  aa  negative  electrodes,  as 
described  with  reference  to  Fig.  11.  3.  To  diminish  the  electric 
resistance  within  the  apparatus  first  described,  as  well  as  for 
the  enrichment  of  the  smelting  bath  as  it  becomes  impoverished, 
the  use  of  plates  or  rods,  M  (Figs.  9  and  11),  of  alumina  and 
carbon,  or  of  magnesia  and  carbon,  in  equivalent  quantities 
respectively,  which  should  be  placed  within  the  vessel,  G,  in- 
dependently of  the  electrode. 

The  only  octtMl  novelty  in  the  whole  patent  was  the  intro- 
duction of  the  plates  or  rods  of  magnesia  and  carbon,  or  of 
alumina  and  carbon,  to  be  used  in  the  production  of  magnesium 
and  aluminium  respectively,  and  this  haH  not  proved  successful ; 
its  use  was  discontinued  in  the  aluminium  and  magnesium 
factory  at  Bremen  even  at  the  time  that  Graetzel  was  managing 
the  works.  The  effect  of  these  plates,  like  that  of  Deville's  oxide- 
carbon  anodes,  was  only  to  introduce  impurities  into  the  bath, 
and  thus  to  cause  irregularity  and  inconvenience  in  the  working. 
In  order  to  bring  about  the  desired  reaction,  as  formulated  in 
the  equation 

MgO  +  C  +  Clj  =  MgClj  +  CO 

the  temperature  of  the  bath  would  have  to  be  maintained  much 
higher  than  is  desirable  either  for  the  production  of  magnesium, 
for  the  preservation  of  the  apparatus,  or  for  preventing  the 
destruction  of  the  plates  themselves  through  the  removal  of 
the  oxide. 

The  introdtiction  of  reducing  gasea  into  the  cathode  chamber 
was  made  a  prominent  claim  in  the  specification.  But  this  pro- 
posal had  been  made  a  year  earlier  by  F.  Fischer,  as  we  have 
seen  above.  Hiller*  also  had  arranged  for  the  use  of  a  reducing 
atmosphere  in  the  cathode  chamber  of  his  apparatus  for  the  re- 
duction of  strontium  and  lithium.  Moreover,  this  precautionary 
measure  is  entirely  unnecessary  in  the  electrolysis  of  carnallite. 
Practically  the  whole  of  the  magnesium  remains  adhering  to  the 
immensed  electrode  and  to  the  walls  of  the  crucible,  provided 
that  a  current  of  suitable  strength  be  used  and  that  the  fused 
salt  be  not  connected  up  with  the  battery  until  it  has  been 
melted  sufficiently  long,  and  at  a  sufficiently  high  temperature, 
to  drive  off  the  last  traces  of  water,  which  are  retained  by  it 
with  the  most  obstinate  pertinacity.  The  use  of  reducing  gas  is 
not,  therefor'^,  necessary  on  this  account ;  but  if  the  crucible  be 
immersed  in  the  fire  almost  to  the  top  rim  it  will  be  found  that 
in  the  absence  of  reducing  gases  the  walls  of  the  vessel  become 
strongly  corroded  above  the  level  of  the  fused  mass  within.  This 
is  due  to  the  metal  of  the  crucible  becoming  chloridised,  owing  to 
the  combined  effects  of  the  hot  fire-gases  without  and  the  acid-gases 
within,  the  latter  being  always  present  above  the  surface  of 

♦  F.  Hiller,  Lehrbuch  der  Chemie,  1883. 
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camallite  when  it  ia  melted  in  the  presence  of  even  a  small  pro- 
portioD  of  air.     The  crucible  walls,  therefore,  above  the  level  of 
the  fusion  become  rapidly  corroded  through,  whilst,  in  addition, 
the  melted  camallite  tends  to  creep  over  the  rim  of  the  Tesael  on 
to  the  outer  surface,  sad  there,  aided  by  the  furnace  gases,  it 
exerts  a  most  destructive  infinenca     This  action  may,  however, 
be  prevented  by  adopting  the  conatrnotion  of  crucible  used  by 
Borchera.     This  crucible  (Fig.   12)  ia  provided,  Ht  a  distance  of 
about  2  to  2)  in.  from  the  top,  with  a  flange,  which  serves  to  sup- 
port it   with  its  lower  portion  im- 
mersed in  the  fire.     The  upper  part 
of  the  crucible  being  thus  exposed 
freely  to  the  air  remains  sufficiently 
cool  to  reduce  to  a  minimum  both 
the  formation  of  acid  gasea  and  the 
corrosion   of  the  vessel.     Thus  the 
furnace  gases  come  in  contact  only 
with  those  portions  of  the  crucible 
walls  which  are  in  contact  with  fused 

substance  within,  and  which  serve  p^  i2.-Borche»-  flanged 
a«  Mthode  surfaces.  The  tendency  "  crucible  for  el<wtrolftio 
of  the  melted  salts  to  creep  up  the  redaction. 

side  of  the  crucible  is  completely  pre- 
vented because,  even  if  the  uppermost  margin  of  the  fused  mass 
within  the  crucible  should  not  be  crystallised  in  contact  with 
the  comparatively  cool  walls,  yet  any  thin  layer  of  fused  salt 
that  might  reach  above  this  level  would  be  at  once  iolidified. 

Finally,  the  use  of  the  melting  vessel  as  cathode,  claimed  by 
Graetzel  as  bis  invention,  was  anticipated  in  actual  practice  by 
Davy  ao  long  ago  as  the  year  1808. 

ICapier'B  Electrolytic  Vessel.— An  account  may  be  givea 
here  of  an  apparatus  patented  by  Napier*  in  1814.  It  was 
originally  intended  for  the  extraction  of  copper,  but,  as  in  the 
case  of  Graetzel's  and  other  apparatus,  several  elements  may  be 
treated  in  it. 

Kapler  used  a  large  crucible  or  other  convenient  vtasel  msdo 
of  son  e  conducting  material,  of  which  the  inner  side,  with  the 
exception  of  the  bottom,  was  lined  with  a  coating  of  clay.  The 
copper  ore,  roasted  as  free  aa  possible  from  sulphur,  was  mixed 
with  the  necessary  fluxes  and  fused  in  the  crucible  ;  the  melted 
mass  was  then  submitted  to  the  action  of  the  galvanic  current  in 
such  a  way  that  the  crucible  itself  formed  the  cathode,  whilst 
the  anode  was  an  iron  rod  united  to  a  plute  at  the  lower  end. 
It  is  thus  clear  that  even  in  1841  an  apparatus  for  the  reduction 
of  metals  bad  been  patented,t  which  consisted  of  a  melting  vessel 

■  Ensliih  Patent!  10,362,  1S44,  and  664,   184S.     C/.  Houston,  Jimm. 
FranHin  Int.,  1880,  vol.  cxxv..  p.  376. 
t  C/.  Oraetxel'a  Patent  cUims,  pgi.  23,  23. 
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made  of  some  conducting  mftteriat  and  serving  ai  the  negative 
electrode,  in  combination  with  a  non-conducting  and  fire-reaisting 
vessel,  open  at  the  bottom,  and  surrounding  the  positive  electrode 
for  the  purpose  of  insulating  the  electrodes  and  facilitating  the 
removal  of  the  anion. 

Borohers'  Magneaiuiu  Frooew. — In  accordance  with  the 
principles  explained  above,  and  following  the  pattern  of  Troost's* 


apparatus,  the  cell  surrounding  the  carbon  electrode  being  re- 
duced in  size,  whilst  at  the  same  time  taking  into  account  the 
experience  which  led  to  the  adoption  of  the  shape  of  crucible 
depicted  in  Fig.  13,  the  author  has  designed  an  apparatus  suit- 
able for  a  Urge  number  of  experiments  in  the  electrolysis  of  fused 
salts.  Within  the  iron  crucible,  K,  which  forms  the  cathode,  is  sus- 
pended the  carbon  rod.  A,  as  anode,  surrounded  by  the  porcelain 
"  See  p.  34. 
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tube,  G.  The  anode  is  connected  to  the  conducting  wire  from 
the  dynamo  by  means  of  the  screw  clamp,  Y,  and  is  supported 
by  the  ring-shaped  porcelain  cover,  L,  whilst  the  porcelain  tube 
rests  by  means  of  a  collar  on  another  annular  porcelain  plate,  d; 
the  weight  of  the  whole  crucible  is  in  turn  borne  by  the  fire- 
brick cover,  D,  of  a  Perrot  furnace,  upon  which  it  is  held  by  the 
flange,  F;  and  this,  by  an  extension  on  one  side,  makes  electrical 
connection  with  the  negative  pole  of  the  dynamo  through  the 
binding  screw,  N.  The  furnace  consists  of  a  wide  fire-clay 
cylinder,  O,  protected  externally  by  a  sheet-iron  jacket,  M, 
which  may  be  supported  either  by  feet  attached  to  it,  or  by  a 
temporary  stand ;  and  the  whole  is  closed  beneath  by  a  fireclay 
plate,  B,  provided  with  a  central  opening.  The  internal  fireclay 
cylinder,  W,  serves  to  convey  the  heated  gases  from  a  sufficiently 
powerful  gas-burner,  first  of  all  upwards  and  around  the  crucible, 
and  thence  downwards  through  the  annular  space  between  W 
and  O  to  the  flue,  Z. 

In  using  the  apparatus,  the  empty  crucible  and  its  appur- 
tenances should  first  be  heated  for  a  considerable  time,  while 
the  camallite  is  being  melted,  preferably,  in  a  second  crucible. 
During  the  heating  of  the  former,  a  piece  of  charcoal  may  be 
placed  in  the  crucible  to  prevent  the  oxidation  of  the  inner 
surface,  which  should  be  perfectly  clean,  and  to  minimise  the 
loss  of  anode  material  by  combustion ;  but  the  charcoal  must  of 
course  be  removed  before  introducing  the  melted  salt. 

During  electrolysis  at  a  dull  red  heat  (about  700**  C),  the 
magnesium  deposits  upon  the  walls  of  the  vessel  in  globules, 
which  rapidly  increase  in  size,  while  the  chlorine,  mounting 
upwards  through  C,  finds  an  escape  by  the  side  tube,  B. 

Working  with  a  current  density  of  at  least  1000  amperes  per 
square  metre  [0*64  ampere  per  sq.  in.]  of  cathode  surface,  the 
current  density  at  the  surface  of  the  anode  will  amount  to  about 
ten  tunes  as  much,  even  if  an  unusually  thick  carbon  rod  be 
employed.  In  spite  of  this,  an  electromotive  force  of  only  7  to  8 
volts  is  required,  which  may  be  reduced  to  1  to  2  volts  (where 
an  economical  installation  is  sought)  by  increasing  the  size  of 
the  anode. 

After  continuing  the  electrolysis  for  a  sufficiently  long  time, 
an  inspection  of  the  contents  of  the  crucible  through  the  clear 
fused  salt  will  show  when  the  required  quantity  of  metal  has 
been  accumulated.  The  current  is  then  broken,  the  screw 
connections  are  unfastened,  and  the  cover,  dy  together  with  all 
that  it  supports,  is  removed  from  the  melting  vessel.  The  flame 
is  now  somewhat  increased,  and  the  mass  of  metal  clinging  to 
the  walls  is  detached  with  the  aid  of  an  iron  scraper  shaped  to 
correspond  with  the  inner  surface  of  the  crucible.  The  whole 
contents  of  the  vessel  are  then  poured  into  a  flat  box  made  of 
sheet  iron,  which  must  be  cold  and  perfectly  dry,  and  any  metal 
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tliat  still  adheres  to  the  walls  of  the  vessel  must  be  rapidly 
soraped  off.  The  solidified  melt,  after  cooling,  is  broken  up, 
and  the  globules  of  magDeaium  are  picked  out.  The  larger  pure 
shot  may  be  melted  together  without  fiux  in  a  plumbago  crucible, 
but  the  less  pure  metal  must  be  fused  and  refined  by  a  process 
which  will  be  described  later. 

The  apparatus  just  described  may  be  used  for  operations  on  a 
manufacturing  scale  almost  without  any  alteration  other  than 
that  necessitated  by  the  proportional  enlargement  of  the  various 
parts.     Under  these  circumstances  it  will  only  be  necessary  to 


Fig.  U. — BoTchera'  furnace  for  the  miuiufactare  of  magneaiiuii. 

discuss  briefly  the  special  points  to  be  observed  in  the  use  of  a 
plant  of  this  nature. 

After  the  above  description.  Fig.  14  requires  no  further 
explanation,  so  far,  at  least,  as  concerns  the  various  parts  of 
the  apparatus.  In  a  plant  of  about  twenty  times  the  sine 
of  the  figure  the  melting  vessel  and  it«  ajipurte nances  are 
suitable  to  the  application  of  a  current  of  250  to  300  amperes, 
which  corresponds  to  an  outturn  of  0-199  to  0238  kg.  [0'44 
to  0'5  lb.]  of  magnesium  per  hour.  It  is  not  advisable  to  use 
an  apparatus  much  larger  than  that  which  is  here  figured,  not 
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only  for  structural  reasons,  but  on  account  both  of  the  size  of 
the  electrodes  that  would  be  required  and  of  the  distance 
between  them.  It  is  preferable  to  use  a  greater  number  of 
vessels  of  ordinary  size  connected  up  in  series ;  but  in  that  case 
the  crucibles  must  be  supported  in  separate  furnaces,  in  order  to 
avoid  short-circuiting  between  them  through  the  deposition  of 
soot  or  other  conducting  material.  Several  melting  vessels, 
however,  may  be  served  with  fuel  from  a  single  generator. 
The  grate,  whether  gas-firing  or  solid  fuel  be  used,  is  best 
built  in  a  separate  chamber,  so  that  the  crucible  may  be 
protected  from  the  direct  action  of  the  flame  (but  little  extra 
heat  is  required  during  the  actual  progress  of  electrolysis), 
and  that  the  fluid  contents  of  a  leaky  crucible  may  be  prevented 
from  flowing  into  the  fuel.  To  facilitate  the  removal  of  such 
material  a  small  collecting-chamber  may  be  provided  beneath 
the  crucible,  as  shown  in  the  illustration. 

It  is  necessary  to  arrange  for  a  heating-chamber,  in  which 
spare  porcelain  or  clay  portions  of  the  apparatus  may  be  kept 
hot,  so  that  damaged  ]>art8  may  be  replaced  without  loss  of  time. 
This  chamber  is  conveniently  heated  by  the  waste  gases  from  the 
furnace. 

Concerning  the  manner  of  conducting  the  process  and  the 
emptying  of  the  melting  vessel,  sufficient  has  been  said  already 
on  p.  29.  The  necessity  for  lifting  apparatus,  transporting 
cranes  and  the  like,  for  use  with  this  larger  plant,  requires  no 
further  mention. 

Melting  of  Eleotro-deposited  Magnesium. — The  larger 
and  purer  pieces  of  magnesium  may  be  melted  together  in  a 
crucible  in  an  ordinary  fire,  but  the  less  pure  and  the  fine- 
grained material  must  always  be  submitted  to  a  refining  opera- 
tion. For  this  purpose  carnallite  is  melted  in  an  iron  crucible, 
and  the  crude  magnesium  is  thrown  into  the  fused  mass.  At  a 
dull  red  heat  an  iron  rod  is  introduced,  and  with  its  aid  the 
metal  lying  at  the  bottom  of  the  crucible  is  as  &r  as  possible 
pressed  into  one  mass.  The  tempet'ature  is  now  gradually 
raised  to  that  of  a  bright  red  heat,  until  a  point  is  reached  at 
which  the  specific  gravity  of  the  magnesium  is  less  than  that  of 
the  flux.  The  metal  then,  liquating  from  its  impurities,  floats 
to  the  surface  in  the  form  of  globules  of  considerable  size,  and  is 
removed  in  perforated  sieve-like  ladles.  The  surface-tension  of 
melted  magnesium  is  so  great  that  the  metal  cannot  flow  through 
the  fine  perforations  of  the  ladle,  although  the  flux  may  thus 
be  drained  completely  away.  The  purified  metal  is  finally 
melted  together  in  an  iron  crucible  to  separate  the  last  traces  of 
slag,  and  to  enable  it  to  be  ceist  into  the  bars  or  rods  required 
for  the  market. 

Eleotro-thermio  Beduotion  of  Magnesium. — Knofler  and 
Ledderboge*  have  proposed  to  smelt  magnesium  by  placing  a 

*  German  Patent  49,329,  Feb.  6,  1889. 
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mixture  of  carbon  and  magnesia  in  the  form  of  rods  in  an  electric 
circuit  after  the  manner  of  carbons  in  an  arc-lamp ;  the 
magnesium  and  carbonic  oxide  thus  produced  were  to  be  pre- 
vented from  reacting  with  one  another,  either  by  the  introduc- 
tion of  reducing  gases  or  bj  conducting  the  whole  experiment 
in  vacuo.  The  process  would  probably  be  workable,  but  it  is 
questionable  whether  it  would  be  successful  financially.  The 
considerable  electromotive  force  required  for  the  operation, 
the  high  price  of  the  magnesium-unit  in  pure  magnesia  as  com- 
pared with  carnallite,  the  circumstance  that  magnesium  is 
volatile  at  temperatures  even  lower  than  that  required  for  the 
decomposition  of  the  oxide,  and  the  difficulty  of  condensing  the 
resulting  metallic  vapour  from  its  admixture  with  carbon 
monoxide  and  other  gases,  are  sufficient  grounds  for  predicting 
the  practical  failure  of  the  process. 

ApplioatioxLB  of  Magnesium. — The  use  of  magnesium  re* 
mains  restricted,  and  the  hopes,  at  first  entertained,  that  it 
might  be  utilised  in  the  manufacture  of  aluminium  have 
remained  unfulfilled,  owing  to  the  introduction  of  more  ad- 
vantageous methods  for  the  latter  purpose  ;  its  employment, 
however,  as  the  source  of  a  powerful  light  in  pyrotechny  and 
photography  is  by  no  means  inconsiderable.  The  price  of 
magnesium,  as  compared  with  that  of  aluminium  (at  the 
present  time)  and  the  alkali  metals,  especially  sodium,  has  led 
to  its  introduction  into  the  chemical  industries  only  in  very 
limited  quantities,  in  spite  of  its  high  reducing  power.  It  is, 
however,  especially  well  suited  to  the  dehydration  of  alcohols, 
ethers,  and  oils,  because  the  hydroxide  formed  by  its  reaction 
with  water  is  quite  insoluble  in  most  of  these  substances.  If 
it  be  still  employed  in  melting  nickel  to  remove  the  last  traces 
of  oxide  dissolved  in  the  metal,  it  is  less  on  account  of  its 
reducing  properties,  which  it  possesses  in  common  with  alu- 
minium, than  because  any  excess  of  magnesium  that  may  be 
added  does  not  alloy  with  the  nickel.  Magnesium  is  also  re- 
commended for  the  refining  of  other  metals,  such  as  copper, 
German  silver,  and  steel,  being  added  to  efiect  the  removal  of 
small  quantities  of  dissolved  oxides,  sulphides,  and  phosphides. 
In  laboratories  it  is  employed  as  a  powerful  and  reliable  reducing 
agent. 

The  aluminium  and  magnesium  work  at  Hemelingen,  near 
Bremen,  is  at  present  the  only  factory  producing  the  latter 
metal. 
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CHAPTER  11. 

LITHIUM. 

Properties  of  the  Metal. — Lithium  (Li ;  atomic  weight  =  7 ; 
specific  gravity  =  0*5936)  is  a  soft  metal  belonging  to  the  alkali 
group.  Surfaces  of  the  metal  protected  from  the  air  have  a 
white  silver-like  lustre.  It  melts  at  180°  0.,  and  has  been 
vaporised  by  Troost  at  a  clear  red  heat  (about  lOOO*"  0.).  At 
temperatures  below  200°  C.  it  may  be  melted  in  the  air  without 
taking  fire,  but  at  higher  temperatures  it  bursts  into  flame, 
emitting  a  blinding  white  light,  and  becoming  converted  into 
oxide  with  the  evolution  of  much  heat.  It  unites  with  sulphur 
and  the  halogens  under  similar  circumstances,  evolving  both 
light  and  heat.  It  decomposes  water  at  the  ordinary  tempera- 
ture, and  floats  to  the  surface  where,  unlike  the  other  alkali 
metals,  it  remains  tranquil,  without  enkindling  either  itself  or 
the  hydrogen  produced  by  the  reaction.  It  is  obvious  that 
the  action  of  acids  must  be  very  energetic  upon  a  metal  such 
as  lithium,  which  is  able  to  decompose  water,  and  whose  salts 
are  soluble,  almost  without  exception. 

Ooourrence  of  Lithium  in  Nature. — Of  the  compounds  of 
lithium  which  occur  in  nature,  the  chloride  is  found  in  many 
mineral  waters ;  a  fluoride  together  with  a  silicate  is  met  with 
in  lepidolite  and  a  phosphate  in  triphylite.  Numerous  other 
minerals,  together  with  a  few  plants  (e.^.,  tobacco),  also  contain 
lithium,  but  even  the  richest  minerals  never  contain  more  than 
4  per  cent,  of  this  metal,  and  usually  only  from  1*5  to  2  per 
cent. 

Extraction  of  Idthium. — The  many  methods  proposed  for 
the  treatment  of  these  minerals  are  so  far  alike  that  the  lithium 
is  in  all  cases  rendered  soluble  by  converting  it  into  the  sulphate 
or  chloride.  As  a  natural  result  of  this  treatment,  it  follows 
that  in  addition  to  more  easily  separable  metals,  the  alkali  and 
alkaline  earth  metals,  which  are  always  present,  must  pass  into 
solution  with  the  lithium,  and  the  separation  of  these  latter  salts 
at  present  introduces  great  difficulties,  and  adds  considerably 
to  the  cost  of  the  process.  Such  an  operation  is,  however,  un- 
necessary if  it  be  intended  to  produce  metallic  lithium,  because 
this  metal  may  be  completely  separated  in  a  perfectly  pure 
condition  and  with  the  greatest  ease  (in  the  absence  of  mag- 
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nesium  saltB)  by  electroljBing  &  fused  mixture  of  alk&line  and 
alkaline  earth   chlorides.      Bunsen   and    Hatthiessen  in   1864, 
working  with  lithium  chloride,  showed  th&t  the  successful  elec- 
trolysis of  fused  alkaline  chloride  was  quite  possible ;  and  the 
former*  wrote  as  follows  on  this  point : — "The  lithium  chloride 
is  melted  in  a  small  thick-walled  porcelain  crucible  by  means  of 
a  BemeliuB  lamp,  and  is  then  treated  with  the  current  from  4  to 
6  zinc-carbon  elements.    The  current  is  passed  through  the  fused 
chloride  from  a  pointed  fragment  of  gas  carbon  to  a  piece  of  iron 
wire  the  thickness  of  a  knitting  needle.     Even  after  the  lapse 
of  a  few  seconds  a  molten  silvery- white  regulus  is  seen  to  be 
forming  upon  and  clinging  to   the   im- 
mersed portion  of  the  wire ;  and  within 
two  and  a-half  to  three  minutes  it  will 
have  grown 
Th«  metal  i 
small     spoon,     by    raising    the    melted 
regulus  out  of  the  solution,  together  with 
the  wire  electrode ;  and  aa  this  operation 
may  be   repeated   at  intervals  of  three 
minutes,  it  is  an  easy  matter  to  rednoe 
an  ounce  of  lithium  chloride  in  quite  a 
short  time." 

Troost's  Frooess. — The  publication 
of  Bunsen's  results  led  naturally  to 
further  work  in  the  same  direction.  Id 
publishing  his  confirmation  of  these  re- 
sults, Troost,  in  1856,  described  a  modi- 

fied    apparatus   which,    in   view    of    the 

Fig.  15.  patent   claims  advanced  by  later  inven- 

the  electrol>^  at  fused     owt-iron  crucible,  T  (Fig.   16),  4}  inohea 
Utiiium  chloride.  high  and  3  inches  wide  at  the  mouth,  was 

used  as  the  melting  vessel.  This  was 
covered  by  a  close-fitting  lid,  D,  provided  with  two  perforations, 
one  of  which  was  0'2  inch  wide,  and  served  to  admit  the  negative 
pole,  K;  whilst  through  the  other,  which  was  1}  inches  in 
diameter,  there  was  passed  a  sheet  metal  cylinder,  having  an 
internal  diameter  of  1-14  inches,  and  reaching  downwards  to 
half  the  depth  of  the  crucible.  Within  the  metal  cylinder  was 
a  porcelain  tube  forming  a  sheath  for  the  positive  pole.  A,  and 
a  means  of  escape  for  the  separated  chlorine.  The  lithium 
gradually  accumulated  at  the  negative  pole,  and  the  apparatus 
could  be  left  to  itself  for  an  hour  at  a  time,  provided  only  that 
the  decomposed  chloride  was  replaced  from  time  to  time,  aa  re- 

*  Lkbig's  A*n.,  ISM,  voL  idv.,  p.  107. 

fCompta  lUndm,   ltiS6,  voL    iliiL,  p,  021;  and  Ana.  dt  Chim  U  d€ 

Ph]/t.,  isee,  vol.  li.,  p.  112. 
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quired,  by  the  introduction  of  fresh  salt  through  the  porceUin 
tube. 

According  to  the  author's  experience  with  apparatus  of  the 
kind  just  described,  lithium  and  other  metallic  chlorides  may  be 
electrolysed  in  them  for  a  short  time.  Even,  however,  if  the 
negative  electrode  be  initially  insulated  from  the  iron  cover  and 
crucible,  the  separated  metal  floats  to  the  surface  and  makes 
electrical  connection  with  the  crucible  and  the  sheet-iron  tube, 
so  that  all  the  iron  portions  of  the  apparatus  which  are  below 
the  level  of  the  fused  salt  soon  form  part  of  the  negative  pola 
So  far  as  the  separation  of  lithium  is  concerned,  this  action  is  in 
itself  harmless ;  but,  unfortunately,  the  metal  becomes  deposited 
on  the  inner  side  of  the  sheet-iron  tube,  and  as  lithium  very 
readily  attacks  both  silica  and  alumina,  the  porcelain  tube  with 
which  the  metal  is  now  in  contact  is  so  attacked  that  it  is  soon 
rendered  porous,  and  the  inner  surface  of  the  iron  then  becomes 
the  principal  seat  of  reduction  for  the  lithium.  The  result  of 
this  is  that  the  electrodes  are  insufficiently  separated,  and  short- 
circuiting  is  brought  about  through  the  porous  substance  of  the 
porcelain  tube.  Such  an  apparatus  may  not,  therefore,  be  used 
continuously  for  any  length  of  time.  There  can  be  no  doubt 
that  in  the  arrangement,  as  Troost  described  it,  the  crucible 
either  acted  as  the  negative  pole  from  the  very  beginning  of  the 
electrolysis  (for  Troost  does  not  mention  that  it  was  insulated 
from  the  cauiode  wire),  or,  if  it  were  insulated  at  first,  that  it 
did  so  within  a  very  short  time  afterwards,  for  the  reduced 
metal  rapidly  accumulates  upon  the  surface  of  the  fusion  in 
sufficient  quantity  to  bridge  over  the  space  between  it  and  the 
original  wire  pole. 

Accordingly  in  1856,  we  find  Troost*  using  "  for  the  produc- 
tion of  metals  from  their  anhydrous  chlorine  compounds,  a  closed 
metallic  vessel,  which  serves  also  as  negative  electrode,  in  com- 
bination with  a  non-conducting  and  fire-resisting  vessel,  which 
is  open  at  the  bottom,  and  surrounds  the  positive  electrode,  with 
the  object  of  separating  the  two  electrodes  and  of  conducting 
away  the  chlorine  produced." 

Jailer's  Apparatus. — Hillert  has  described  an  apparatus  for 
the  production  of  strontium,  that  is  especially  well  adapted 
to  the  extraction  of  lithium  from  its  chloride. 

In  Fig.  16,  ^  is  a  porcelain  crucible  which  contains  the  fused 
lithium  chloride.  The  cathode  consists  of  an  iron  wire,  of  which 
^e  end,  k^  is  enclosed  in  the  bowl  of  a  clay  tobacco-pipe,  p.  The 
lithium  separates  at  k,  and,  being  specifically  lighter  than  the 
fused  chloride,  collects  upon  the  surface  of  the  liquid  in  the 
pipe-bowl,  which  protects  it  completely  from  the  re-oxidation 
that  would  otherwise  result  from  contact  with  the  air.     It  is 

*  Oompare  Graetzel's  claims  in  his  patent  specification,  on  pp.  23,  26, 
tF.  Hiller,  LehrbucH  der  Chemie^  1863. 
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advisable,  before  commencing  the  electrolysis,  to  remove  the 
air  from  the  pipe.  To  effect  this,  a  glass  tube,  g,  is  attached 
to  the  pipO'Stem  by  means  of  a  perforated  cork  -,  beyond  this  is 
a  narrow  glass  tube,  d,  leading  to  a  caoutchouc  tube,  e.  The 
second  glass  tube  is  fitted  to  the  first  with  the  aid  of  a  cork  at  c, 
and  between  this  cork  and  the  oat«r  tube  is  passed  the  iron 
electrode  wire.  The  wire  ia  wound  several  times  around  the 
small  glass  tube  at  d,  and  when  the  end,  k,  has  been  adjusted  in 
the  centre  of  the  pipe-bowl,  the  whole  arrangement  is  held  firmly 
in  position  by  covering  the  joint,  e,  with  a  pasto  of  plaster  of 
Paris.  The  air  in  the  pipe  ia  displaced  by  passing  a  current  of 
perfectly  dry  hydrogen  through  the  caoutohouc  tube,  » ;  the  bowl 
of  the  pipe  is  then  dipped  into  the  fused  chloride,  the  caoutchouc 


Fig.  16.— Hiller'a  apparatna  for  ths  extraction  of  (trontiuin. 

tube  is  disconnected  from  the  hydrogen  generator,  the  bowl  is 
sunk  into  the  chloride  to  the  depth  indicated  in  the  figure,  and 
the  rubber  tube  is  finally  closed  with  a  pincfa-cock,  q.  It  would, 
however,  be  still  simpler  to  substitute  hydrocarbon  vapour  for 
hydrogen ;  to  this  end  it  would  only  be  necessary  to  introduce 
some  paraffin  into  the  upper  part  of  the  pipe-bowl.  On  immers- 
ing the  bowl  in  the  melted  salt,  the  paraffin  would  vaporise  and 
drive  out  the  air  before  it  through  the  caoutchouc  tube,  e,  which 
could  then  be  closed  by  the  clamp  as  before.  In  order  to  prevent 
the  contact  of  the  separated  lithium  with  the  walls  of  the  pip^ 
which  would  lead  to  the  contamination  of  the  metal  with  silicon, 
the  inner  side  of  the  bowl  is  coated  with  a  thin  layer  of  graphite. 
The  graphite  is  first  made  into  a  thick  paste  by  stirring  it  well 
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with  a  dilute  Bolution  of  lithium  chloride;  the  paste  is  then 
painted  over  th«  snriace  of  the  pipe-bowl,  and  after  it  has  become 
thoroughly  air-dried,  the  whole  ia  heated  to  a  red  heat.  The 
anode,  a,  consiflta  of  a  gas-carbon  rod  connected  to  an  iron  wire, 
a'.  From  3  to  4  Bnnaea's  cells  are  sufficient  for  the  elactrolysia. 
As  soon  aa  the  circuit  is  completed  decomposition  sets  in,  which 
may  be  recognised  by  the  copioua  evolution  of  chlorine  at  the 
anode;  and  it  is  now  only  necessary  to  see  that  the  lithium  chloride 
remains  in  a  state  of  fusion.  At  the  end  of  an  hour  the  current 
nay  be  interrupted,  and  the  fire  drawn  from  the  grate ;  then, 
afler  cooling  completely,  the  crucible  and  pipe  may  be  broken, 
and  a  regulus  of  lithium  will  be  found  surrounding  the  iron 
wire. 

Although  this  apparatus  might  easily  be  made  on  a  larger 
scale,  and  although  it  represents  a  distinct  advance  towards  the 
economical  electrolysis  of  alkaline  chlorides,  yet  it  does  not 
satisfy  all  the  requirements  of  a  profitable  installation. 

Or&bau's  Apparatus.  —  The  electrode  cell,  patented  by 
Grabau*   for  use  in  the  extraction  of  metals  of  low  specific 


Fig.  17.  Fig.  18. 

Groban'i  electrode  cell  for  dm  with  light  metal*. 

gravity,  may  here  be  described  on  account  of  its  similarity  to  the 
last-named  apparatus.  The  bell-shaped  cell,  a  (Figs.  17  and  18), 
b  suspended  by  the  stem,  b,  from  the  traosverse  support  d,  and  la 
provided  with  the  pole,  /,  which  terminates  at  the  highest  point 
of  the  inner  surface  of  the  bell.  The  cell,  a,  is  closed  above,  but 
it  is  open  below,  and  should  be  quite  immersed  in  the  bath. 
Either  by  a  siphon-shaped  tube,  or  otherwise,  the  air  initially 
present  is  given  a  passage  for  escape  so  that  the  bell  may  be 
coaapletely  filled  with  the  fused  material.  The  metal  sepurates 
on  the  pole,  /  But  this  apparatus  cannot  be  used  for  an  extended 
operation,  for  there  is  no  non-conducting  material  known  that 
will,  under  these  circumstances,  aflbrd  resiatance  for  any 
■  German  Patent  41,494,  1S87. 
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length  of  time  to  the  action  of  the  alkali  metals  in  the  presence 
of  fused  alkali  chlorides.  Even  a  few  hours  will  suffice  to  bring 
about  the  perforation  of  strong  and  thick  porcelain  tubes  hj  the 
alkali  metals,  in  consequence  of  the  reduction  of  the  silicates  by 
them. 

Giintz's  ProoeBS. — A  notable  ignorance  of  past  work  in 
practical  electro-chemistry  was  shown  by  Guntz,*  who,  in  Decem- 
ber, 1893,  presented  to  the  French  Academy  the  description  of 
a  process,  from  which  the  following  account  is  taken : — A  mixture 
of  200  to  300  grammes  of  potassium  and  lithium  chloride  in  equal 
proportions  (fusing  point  450"  C.)  is  melted  over  an  ordinary 
Bunsen-bumer.  When  fusion  is  complete  the  electrodes  are 
introduced.  The  anode  consists  of  a  carbon  rod  8  mm.  in  dia- 
meter, the  cathode  of  an  iron  wire  about  3  to  4  mm.  thick.  The 
latter  is  enclosed  within  a  glass  tube  20  mm.  wide.  After 
applying  a  current  of  20  volts  and  10  amperes  for  ttbatU  an  hauf* 
there  will  be  found  in  the  glass  tube  a  fluid  column  of  lithium, 
which  stands  at  a  level  of  more  than  1  cm.  above  that  of  the 
fused  salt.  To  obtain  the  metal  the  electrodes  are  separated,  the 
glass  tube  is  raised  out  of  the  liquid,  and  the  fluid  lithium  which 
floats  upon  the  surface  of  the  melt  is  removed  with  the  aid  of  an 
iron  spoon  and  poured  into  a  dry  ingot  mould.  All  this,  how- 
ever, had  been  accomplished  30  years  previously,  only  the  earlier 
experimenters  had  been  more  economical  of  electric  energy,  of 
which  they  had  used  but  one-fourth  part  of  that  employed  by 
Guntz. 

As  it  has  already  been  shown,  the  conditions  required  for  the 
extraction  of  lithium  are  of  the  simplest,  as  compared  with  those 
to  be  observed  in  the  case  of  the  better-known  alkali  metals. 

Treatment  of  Iiithium  Minerals. — In  the  treatment  of 
lithium  minerals,  a  solution  is  first  obtained  which  contains  only 
the  chlorides  of  the  alkali  and  alkaline  earth  metals.  This  solu- 
tion is  then  evaporated  to  dryness  in  iron  vessels,  and  it  should 
be  kept  slightly  alkaline  in  order  that  it  may  not  take  up  much 
iron  from  the  pans  in  which  it  is  being  boiled.  A  small  quantity 
of  iron  salt  in  the  resulting  chloride  is  not  objectionable,  how- 
ever, for  it  is  decomposed  at  the  very  outset  of  the  subsequent 
electrolysis,  and  the  reduced  iron  does  not  alloy  with  lithium. 
A  little  sal-ammoniac  is  now  added  to  neutralise  any  free  alkali, 
and  the  mass  is  fused  for  electrolysis  in  an  iron  vessel,  which 
may,  if  desired,  be  the  one  that  shall  serve  as  cathode.  The 
arrangement  of  the  electrolytic  plant  recommended  for  use  in 
magnesium  or  sodium  manufacture  may  be  employed.  If  the 
former  (p.  27)  be  selected,  the  rim  of  the  crucible  which  projects 
above  the  flange  should  be  surrounded  with  a  metal  tube  through 
which  water  is  circulated,  in  order  to  keep  it  cool  and  so  to 
produce  a  thin  layer  of  crystallised  salt  upon  the  sides  of  the 

*  Compte»  Benduit  1893,  vol.  cxvii.|  p.  732. 
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crucible  at  the  upper  level  of  the  chloride  bath.  Globules  of 
lithium^  which  might  ptherwise  creep  up  the  side,  are  retained 
bj  this  layer  of  solidified  salt.  The  electrolysis  must  not  be 
continued  so  long  that  the  lithium  forms  a  metallic  connection 
between  the  walls  of  the  vessel  and  the  porcelain  sheath  of  the 
anode  carbon,  otherwise  the  same  difficulties  will  occur  that 
were  explained  in  the  description  of  Troost's  apparatus.  After 
a  sufficient  quantity  of  lithium  has  accumulated,  the  method  of 
procedure  may  be  exactly  the  same  as  in  the  extraction  of 
magnesium  already  described ;  but  there  will  necessarily  be  a 
greater  loss  of  metal  in  pouring  out  the  contents  of  the  vessel  in 
the  case  of  lithium  thui  in  i  hat  of  magnesium.  In  order  to 
prevent  this  loss,  the  whole  charge  may  be  cooled  in  the  melting 
vessel,  but  then  it  is  important  that  the  latter  should  be  made 
conicaJ  in  shape.  The  crystallised  salt  loosens  itself  in  solidify- 
ing, and  may  be  easily  separated  from  the  walls  of  the  crucible 
by  blows  from  a  hammer  applied  to  the  outer  surface.  The 
■hots  of  metal  adhere  firmly  to  the  inner  wall  of  the  vessel. 
They  are  removed  by  means  of  knives  or  scrapers,  and  separated 
from  adhering  salt  by  melting  them  together  in  a  paraffin  bath 
which  is  kept  at  a  temperature  of  from  180"  to  200°  C;  the 
metal  then  floats  to  the  surface  of  the  bath,  whilst  the  salts 
sink  to  the  bottom.  From  this  bath  the  lithium  is  removed  in 
perforated  ladles ;  it  is  afterwards  washed  in  benzene,  and  then, 
after  re-melting  by  itself,  it  is  either  cast  in  the  shape  of  small 
rods,  or  it  is  pressed  into  this  form  under  gasoline  (sp.  gr. 
0-56).  It  is  finally  stored  in  glass  tubes  hermetically  sealed  by 
mellong  the  walls  together. 

For  a  permanent  installation  the  sodium  apparatus  would  be 
used,  only  in  this  case  it  must  be  remembered  that  the  current 
density  should  never  be  so  high  as  is  employed  for  the  extraction 
of  sodium.  The  deposition  ol  lithium  is  effected  by  a  current  of 
about  1000  amperes  per  sq.  metre  [0*64  amp.  per  sq.  in.]  of 
cathode  surface,  with  an  electromotive  force  of  about  5  volts. 

The  electrolytic  method  described,  as  well  as  the  subsequent 
purification  of  the  metallic  product,  offers  so  little  difficulty, 
that  the  author  considers  this  way  of  separating  lithium  from 
the  alkali  metals  for  the  purpose  of  obtaining  pure  lithium 
compounds,  to  be  simpler  than  the  troublesome  separation  of 
the  salts  in  aqueous  solution.  The  lithium  obtained  is  ab- 
solutely free  from  alkali  and  alkaline  earth  metals. 

Uses  of  Iiithitun. — Lithium  has  not  found  application  in 
the  arts  on  account  of  its  high  price.  The  simplicity  of  the 
electrolytic  extraction  process  marks  it  out  for  use  in  the  pro- 
duction of  pure  lithium  salts.  The  proposal  to  use  lithium  for 
the  generation  of  hydrogen  in  aeronautics  (1  lb.  of  lithium 
affords  over  25*5  cub.  ft.  of  hydrogen  at  0*  C.  and  at  the  normal 
atmospheric  pressure)  must  still  be  relegated  to  the  future. 
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CHAPTER  III. 

B  E  R  T  L  L  I  U 

Properties  of  the  Metal. — Beryllium  (Be;  atomic  weight = 
9;  specific  gravity  =  1*64)  is  a  lustrous,  white,  soft,  malleable, 
and  tough  metal,  with  a  melting  point  approximating  800*  C. 
In  the  form  of  powder,  thin  sheet,  ribbon  or  wire,  the  metal 
bums  like  magnesium  in  the  air,  in  the  halogens,  or  in  sulphur, 
&c.  Beryllium  withstands  the  action  of  water  better  than 
magnesium,  but  it  is  equally  readily  attacked  by  acids ;  in  salt 
solutions  it  slowly  oxidises  with  evolution  of  hydrogen. 

Ocourrence  in  Nature. — The  metal  occurs  almost  exclusively 
in  combination  in  silicates,  of  which  the  principal  is  beryl,  a 
double  silicate  of  aluminium  and  beryllium  with  the  formula 
(BeO)3 .  AI2O3 .  6Si02  *  ^^^  emerald  is  a  form  of  beryl  that  19 
especially  prized  as  a  precious  stone. 

Extraction  of  the  Metal. — Numerous  methods  are  given 
for  the  treatment  of  beryl.  The  method  of  fluxing  varies  but 
little  from  that  of  other  silicates,  being  effected  by  means  of 
alkaline  carbonates.  The  fusion  is  afterwards  treated  with 
sulphuric  acid  to  render  the  silica  insoluble  ;  and  there  then 
results  a  solution  of  beryllium,  aluminium,  and  iron  salts.  The 
bulk  of  the  aluminium  is  then  separated,  either  as  alum  by 
the  addition  of  potassium  sulphate,  or  as  ahiminium  fluoride,  by 
boiling  with  cryolite  or  other  fluorides.  If  the  quantity  of  iron 
present  be  neither  too  small  nor  too  great,  it  is  carefully 
precipitated  by  the  addition  of  soda,  with  the  precaution  that 
any  ferrous  salts  shall  be  previously  peroxidised  by  the  addition 
of  alkaline  chromate,  chloride  of  lime,  or  other  suitable  oxidising 
agent.  On  the  further  addition  of  barium  carbonate,  or  an 
alkaline  carbonate,  a  precipitate  of  aluminium  hydroxide  will> 
be  formed  which  will  carry  some  beryllium  down  with  it ;  but  the 
latter  may  afterwards  be  separated  as  beryllium  hydroxide  by  the 
addition  of  ammonium  carbonate  solution  to  the  ])recipitate. 
The  remaining  solution  should  contain  only  beryllium  sulphate,' 
which  must  be  converted  into  the  chloride  or  other  haloid  salt 
prior  to  its  use  for  electrolysis.  For  this  purpose  the  beryllium 
may  either  be  precipitated  as  carbonate  by  means  of  an  alkaline 
carbonate,  the  precipitate  being  then  redissolved  in  hydrochloric: 
acid,  or  it  may  be  decomposed  by  means  of  barium  chloride. 
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The  beryllium  chloride  solution  produced  by  either  of  these 
methods  is  mixed  with  any  chloride  of  an  alkali  or  alkaline  earth 
metal  (excepting  that  of  magnesium  or  calcium),  and  is  then 
evaporated  to  dryness,  whereby  a  mixture  of  salts  is  obtained 
that  is  very  fusible  and  a  good  conductor  of  electricity,  and  from 
which  the  beryllium  may  be  extracted  by  one  of  the  electrolytic 
methods  that  have  been  described  as  applicable  to  magnesium 
and  lithium.  A  little  sal-ammoniac  should  be  added  to  the 
solution  before  evaporation,  in  order  to  prevent  the  formation  of 
too  much  oxide  by  the  decomposition  of  the  beryllium  chloride 
during  that  process.  Concerning  the  electrolysis  itself  there  is 
practically  nothing  to  be  said,  except  that  it  is  conducted  in  the 
same  manner  and  in  the  same  class  of  apparatus  as  that  of 
magnesium.  It  should  be  observed,  however,  that  the  melting 
point  of  the  metal  must  be  only  just  reached,  and  as  little  as 
possible  exceeded,  during  the  progress  of  the  electrolysis,  as  the 
beryllium  would  otherwise  alloy  with  iron.  It  is  of  importance, 
also,  that  the  melting  vessels  should  be  made  of  good  weld  iron, 
on  account  of  the  somewhat  higher  temperature  required  for 
this  process  than  that  of  camallite  reduction.  Beryllium  has  not* 
yet  found  any  application  in  the  arts. 
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SECOND  GROUP. 
SODIUM  AND  POTASSIUM. 


CHAPTER  IV. 

SODIUM. 

Fropertiea  of  the  Metal. — Sodium  (Na ;  atomic  weight  -  23 ; 
specific  gravity  «  0*974)  is  a  white  metal,  the  freshly  cut  surfaces 
of  which  exhibit  a  silvery  white  lustre ;  it  is  soft  and  may  even 
be  kneaded  at  ordinary  temperatures.  It  melts  at  95*6^  C.,  and 
begins  to  vaporise  at  a  clear  red  heat — 1.6.,  at  about  900*  C.  It 
is  capable  of  alloying  with  the  other  alkali  metals,  and  with 
some  of  the  heavy  metals.  Of  these  alloys  the  amalgam,  and 
the  alloys  with  lead  and  tin,  have  found  practical  use  in  the  arts. 
Sodium  is  capable  of  dissolving  in  anhydrous  liquid  ammonia,  to 
which  it  imparts  a  blue  colour.  It  oxidises  very  rapidly  in  the 
air,  yet  it  may  be  melted  without  danger  in  a  dry  vessel  over  an 
open  flame,  provided  that  it  is  not  heated  much  above  its  melting 
point.  Once  enkindled  in  air  that  is  dry  and  free  from  carbonic 
acid,  it  burns  with  a  yellow  flame,  and  with  the  evolution  of 
much  heat,  yielding  the  peroxide,  NajO^.  It  combines  ener- 
getically, also,  with  the  non-metals.  It  decomposes  water 
even  at  the  ordinary  temperature,  forming  sodium  hydroxide, 
and  it  must,  therefore,  be  stored  in  liquids,  such  as  petroleum, 
which  contain  no  oxygen.  As  a  metal  which  can  decompose 
even  water,  it  is  very  violently  attacked  by  acids,  forming  salts 
which  are,  almost  without  exception,  easily  soluble  in  water.  It 
is  a  powerful  reducing  agent,  decomposing  compounds  of  the 
metals,  and  even  of  many  non-metals  (COj,  SiO,,  BjO,,  &c.). 

Ocourrenoe  in  Nature. — In  nature  it  occurs  only  in  the 
form  of  salts;  as  chloride,  in  rock-salt,  NaOl;  as  fluoride, 
in  cryolite,  Al^F^ .  6NaF;  as  sulphate,  in  Glaaber's  salt, 
Na^SO^ .  lOH^O;  as  nitrate,  in  Chili  saltpetre,  NaNO,;  as  borate, 
in  Doraz,  NajB^Oy  .  lOHjO,  and  other  borates;  as  carbonate,  in 
soda,  NajCOj .  BLO,  and  in  trona,  (NaHOOg)^ .  NajCOj .  2HjO ; 
as  silicate,  in  felspar,  dec.  For  the  manufacture  of  soda  com- 
pounds on  the  larger  scale  the  chloride  is  mainly  used;  and 
the  metal  may  be  obtained  either  by  a  metallurgical  reduction 
process  from  the  carbonate  or  hydroxide,  or  by  electrolysis  from 
the  fused  chloride. 


SODIUM.  4S 

1.     THE  BEDUCTION  PBOCE88. 

On  the  large  scale,  sodium  ivas  first*  produced  by  distilling  a 
mixture  of  anhydrous  carbonate  (calcined  soda)  and  carbon; 
whilst  until  recently  the  bulk  of  the  metal  was  obtained  by 
Castner's  method,!  which  consisted  in  a  reduction  of  the  hydrox- 
ide by  an  intimate  mixture  of  iron  and  carbon,  thus  : — 

3  NaOH  +  Fe .  Cj  =  3  Na  +  Fe  +  CO  +  COj  +  3H. 

Netto{  has  avoided  the  use  of  iron  by  causing  fused  caustic 
soda  to  drop  upon  a  layer  of  heated  carbon  contained  in  an 
upright  retort  or  reverberatory  furnace. 

2,    EIiECTBOLYSIS. 

Davy's  Experiments. — The  electrolytic  decomposition  of  the 
hydroxides  of  potassium  and  sodium  led,  as  is  well  known,  to 
the  discovery  of  these  metals.  Davy§  thus  described  the  appar- 
atus which  he  employed  for  his  research  in  this  direction  : — 

"  By  means  of  a  stream  of  oxygene  gas  from  a  gasometer 
applied  to  the  fiame  of  a  spirit  lamp,  which  was  thrown  on  a 
platina  spoon  containing  potash,  this  alkali  was  kept  for  some 
minutes  in  a  strong  red  heat,  and  in  a  state  of  perfect  fluidity. 
The  spoon  was  preserved  in  communication  with  the  positive  of 
the  battery  of  the  power  of  100  of  6  inches,  highly  charged ;  and 
the  connection  from  the  negative  side  was  made  by  a  platina  wire." 

The  reasons  why  this  process  cannot  be  used  for  the  produc- 
tion of  the  alkali  metals  on  a  large  scale  need  not  be  discussed 
at  present;  they  will  become  evident  from  the  discussion  of 
later  experiments. 

A  modification  of  this  method  has  been  tried,  in  which  a 
platinum  dish  containing  mercury  and  a  very  concentrated 
solution  of  caustic  potash  is  connected  to  the  negative  }K>le  of  a 
battery,  and  the  resulting  amalgam  (formed  by  the  combination 
of  the  mercury  with  the  potassium  produced  by  electrolysis)  is 
distilled  to  separate  the  alkali  metal.  But  the  process  is  not 
practically  workable,  since  the  expenditure  of  electrical  energy 
stands  in  most  unfavourable  proportion  to  the  yield  of  metal. 
The  descriptions,  however,  of  both  processes  contained  an  item  of 
the  highest  interest  in  applied  electro-chemistry — namely,  the 
U9e  of  a  vessel  made  of  a  conducting  material,  and  used  simtUtan- 
eously  as  the  container  for  the  electrolyte  and  as  the  pole  of  the 
decomposing  cell.     This  circumstance  cannot  here  be  too  strongly 

*  Brnnner,  Bchwtigger's  Joum.,  vol.  xxi.,  p.  201;  ftnd  St.  Claire  Deville, 
Ann,  de  Chem,  et  de  Phya,^  1862,  vol.  xliii.,  p.  5. 
t  United  Stotea  Patent  342,897,  June  1,  1886.    [Eng.  Pat.,  7,395,  1886.] 
X  German  Patent  45,105  and  62,565.    [Eng.  Pat.  17,412,  1887.] 
$  Phil,  Trans,  of  1808,  pp.1,  333 ;  1810,  p.  16. 
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emphasised,  since  modem  inventors  are  constantly  endeavouring 
to  pa^s  off  this  idea  as  an  original  discovery. 

Watt's  FrooesB. — The  first  suggestion  for  the  manufacture 
of  alkali  and  alkaline  earth  metals  originated  with  Oharlea 
Watt.*     The  patent  specification  ran  as  follows  : — 

"  The  second  part  of  my  invention  consista  of  a  mode  of  pre- 
paring or  obtaining  the  metals  of  the  alkalies  and  alkaline  cartiu 
by  the  united  action  of  electricity  and  heat.  For  performing 
this  part  of  my  invention  by  the  united  action  of  electricity  and 


Fig.  19. — Watt's  apparatus  for  the  extraction  of  lodiaro. 

heat  I  employ  a  vessel  of  the  form  shown  in  Fig.  19,  which  is 
made  of  iroa  or  other  suitable  material  capable  nl  bearing  a  full 
red  heat.  In  tliia  figure.  A,  is  the  vessel,  which  should  be  at 
least  half  an  inch  thick  and,  if  made  of  iron,  previously  to  its 
being  used  should  be  coated  over  ita  exterior  with  clay  or  other 
substance  to  preserve  it  from  the  action  of  the  fire  ;  B,  movable 
head  for  the  collection  of  t)ie  metals  ;  C,  electrodes,  with  their 
attachments,  e  ;  D,  flanges  to  support  the  vessel  upon  the  furnace. 
The  covered  compartment,  F,  being  that  in  which  it  is  intended 
to  eliminate  the  metals,  is  supplied  with  a  carbon  electrode,  and 
the  uncovered  compartment  ix  supplied  with  a  gold  electrode ; 
but  I  wish  it  to  be  understood  that  I  do  not  restrict  myself  to 
the  particular  form  of  apparatus,  or  to  the  material  to  be  used  for 
electrodes.  The  vessel  is  filled  with  dry  saline  matter,  so  that 
when  it  is  in  a  state  of  fusiou  it  shall  reach  the  dotted  line  [the 
level  shown  in  the  figure] ;  the  partition  keeps  the  eliminated 
substances  from  reacting  upon  each  other,  and  also  excludes 
the  air  from  the  compartroeut  in  which  the  metal  is  elimiuated, 
the  access  of  which  would  cause  the  metal  to  be  oxidised. 
The  vessel  is  placed  in  a  furnace  where  it  can  bo  subjected 
•  Eng.  Pat.  13,756,  Sept.  25,  1851. 
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to  the  action  of  a  full  red  heat,  and  when  the  saline  matter 
is  in  a  state  of  fusion  contact  is  made  between  the  decom- 
posing vessel  and  the  apparatus  supplying  the  electric  current 
or  currents,  the  intensity  of  which  should,  at  least,  be  equal 
to  that  which  would  be  supplied  by  ten  cells  of  DanielFs  battery 
arranged  for  intensity,  but,  of  course,  this  depends  upon 
the  nature  of  the  salt  which  is  being  decomposed.  The  fused 
salt  is  maintained  at  that  temperature  which  will  ensure  the 
instantaneous  volatilisation  of  the  metal  as  it  is  eliminated,  and 
a  proper  receiver  (such  a  one  as  is  usually  employed  for  the  pre- 
paration of  such  metals  will  answer)  is  connected  air-tight  with 
the  narrow  tube  projecting  from  the  head.  The  metal  is  received 
and  preserved  in  any  convenient  fluid  hydrocarbon.  The  salts 
which  I  usually  employ  are  the  chlorides,  iodides,  or  bromides 
of  the  metals  of  the  alkalies  or  alkaline  earths.'' 

The  salts  which  the  inventor  used  may  have  been  the 
haloid  compounds  of  the  alk>}i  and  alkaline  earth  metals,  as  he 
describes :  but  neither  before  nor  sjnce  the  publication  of  that 
specification  has  it  been  possible  to  distil  in  an  iron  vessel  the 
metals  calcium,  barium,  or  strontium,  of  which  the  melting 
points  even  approximate  that  of  iron.  Granted  that  he  merely 
omitted  by  accident  to  explain  in  his  specification  that  the  elec- 
trodes were  insulated  not  only  from  one  another,  but  also  from 
the  iron  crucible,  the  inventor  must  have  used  a  remarkably 
refractory  modification  of  gold  if  he  succeeded  in  making  from  it 
an  electrode  which  could  be  employed  as  the  positive  pole  in  a 
bath  of  fused  alkaline  chloride,  and  thus  withstand  the  action 
of  the  nascent  chlorine  for  a  sufficiently  long  time  to  enable  him 
to  accomplish  the  decomposition  of  the  alkaline  halogen  salts 
according  to  his  usiuil  methods.  The  patent  was  applied  for  on 
September  2a,  1851,  and  granted  on  March  24,  1852. 

It  is  'well  known  that  in  the  summer  of  1851,  Bunsen  suc- 
ceeded in  decomposing  fused  magnesium  chloride  into  magnesium 
and  chlorine  by  means  of  the  electric  current ;  and  this  classical 
research  is  described  in  vol.  2  (p.  137)  of  Liebig's  AnncUen  for 
1852.  In  outward  form  the  apparatus  used  by  Watt  shows  the 
closest  agreement  with  that  employed  by  Bunsen,  and  the  differ- 
ence between  them  lies  in  the  fsict  that  the  latter,  which  was  based 
on  the  results  of  Bunsen's  investigation,  fulfilled  its  purpose 
in  every  respect,  whilst  the  former  was  altogether  impracticable. 

The  first  success  in  the  electrolytic  treatment  of  the  chloride 
of  an  alkali  metal  was  obtained  by  Bunsen  and  Matthiessen 
with  lithium  chloride  in  the  year  1854.  This  result  has 
already  been  described  (p.  34).  Further  improvements  by 
Matthiessen,  and  afterwards  by  Linnemann,  related  specially 
to  potassium,  and  will  be  referred  to  under  that  head.  < 

Jabloohkoffs  Process. — In  spite  of  Bunsen's  discoveries, 
the  decomposition  of  sodium  chloride  appears  to  have  involved 
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ooosidenble  difficulties,  for  nntil  the  year  1882  this  problem 
ij  scarcely  referred  to  Id  literature.  In  that  year,  Jablochkoff* 
devised  the  apparatus  shown  ia  Fig.  20,  Here  the  salt  ma 
introduced  through  the  charging 
funnel  D  into  the  clay  crucibla 
A,  where  it  was  melted  and 
electrolysed.  The  electrodes  • 
and  6  were  surrounded  with  th« 
tubes  c  and  Cj  for  the  removal 
of  chlorine  and  sodium  vapour 
respectively. 

The  practical  difficulties  which 
arise  in  applying  such  an  arrange- 
ment  to  the  electrolysis  of  alka- 
line chlorides  are  unquestionably 
great.      They  lie  chiefly  in  the 
designing  of  a  sufficiently  durable 
apparatus.      The    tube    for    the 
Rr.  20.^»Mochkori  .pnrMo.     "mo'al    of   the   chlorine   muat 
for  the  utraction  of  lodiam.        not    be    made    of   metal;    and 
porcelain,     especially     in    close- 
grained  pieces  of  the  thickness  required  for  tixe  purpose,  is  very 
easily  broken  at  the  high  temperature  employed.     Then,  again, 
if  the  tube  arranged  to  convey   the  metallic   vapour  to   the 
condenser  be  made  of  porcelain  or  any  other  material  prepared 
from  clay,  it  will  very  soon  become  perforated  by  the  action  of 
the  alkidi  metals  in  the  liquid  or  vaporous  condition.     But  a 
metal  tube  is  equally  unsuitable.     Even  if  the  electrode  b  were 
insulated  from  tne  surrounding  tube,  the  metal  sheath  would  be 
of  little  value ;  beoause,  granted  even  that  it  might  be  possible, 
by  the  use  of  sufficient  heat,'  to  maintain  so  high  a  temperature 
that  the  separation  of  fluid  metal — and  therefore  the  formation 
of  a  metallic  contact  between  b  and  e, — could  be  avoided,  there 
would  necessarily  be  a  deposition  of  sodium  on  the  outeideof  the 
tube  throughout  the  process.     This  results  from  the  fact  that 
insulatod  metallic  substances  placed  in  the  electrolyte  tend  to 
form  intermediate  electrolysing  surfaces  between  the  poles,  the 
aide  of  the  metal  next  the  anode  functioning  as  a  cathode,  and 
that  next  the  cathode  acting  as  an  anode.     The  consequence  of 
this  is  that  intermediate  reactions  are  produced,  which  cannot 
but  be  prejudicial  to  the  working  of  the  process  as  'a  whole. 
Under  these  circumstances  the  durabili^  of  the  metallic  sheath 
ia  naturally  of  the  shortest.     Later  modifications  of  the  original 
oonstruction,  consisting  in  the  arrangement  of  the  electrodes 
and  of  their  separating  partitions  in  the  form  of  concentric  tubes, 
have  failed  to  overcome  the  difficulty. 

Hoopfloer's Frooasa. — Inthe  year  1884, C.  H.  W.  Hoepfnerf 
*  Dmgler't  PolylechiiiKhet  Journal,  1S84,  vol.  odi.,  p.  423, 
t  Oermso  Patent  30,414. 
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patented  a  process,  of  which  the  following  is  an  account  deriyed 
from  his  specification : — "  Sodium  chloride  is  melted  in  a  crucible, 
the  bottom  of  which  is  covered  with  a  layer  of  copper  on  silver. 
Instead  of  the  latter,  other  heavy  metals  may  be  employed,  with 
the  exception  of  mercury,  which  boils  at  too  low  a  temperature. 
The  side-walls  of  the  crucible  must  be  made  of  some  non-con- 
ducting material  The  layer  of  metal  at  the  bottom  of  the 
crucible  serves  as  an  anode,  and  it  is,  therefore,  connected  with 
the  corresponding  pole  of  the  galvanic  battery,  or  of  the  dynamo, 
by  means  of  an  iron  or  copper  wire  introduced  either  from 
below  or  at  one  side.  If  the  circuit  be  now  completed  by 
immersing  a  carbon  or  metal  cathode  in  the  fused  chloride  from 
above,  a  rapid  deposition  of  metallic  sodium  at  once  sets  in ;  the 
sodium  bums  in  the  presence  of  air,  but  if  the  latter  be 
excluded,  the  metal  may  be  collected  or  distilled.  While  the 
light  metal  separates  at  the  upper  surface,  the  chlorine  attacks 
the  metal  of  tne  anode,  forming  a  chloride  which  Aises  at  the 
high  temperature  of  the  operation,  so  that  by  continuing  the 
current  the  anode  undergoes  electrolytic  solution;  but  on  account 
of  its  weight  the  chloride  remains  at  the  bottom  of  the  crucible." 

Hoepfner  must  have  found  that  by  continuing  the  current 
the  course  of  the  separation  did  not  run  so  smoothly  as  was  the 
case  at  the  beginning,  for  the  metallic  chlorides  do  not  remain  so 
quietly  at  the  bottom  of  the  vessel  as  the  patent  specification 
suggests.  With  the  density  of  current  required  for  the  depo- 
sition of  sodium,  the  copper,  silver,  or  other  metal  dissolved  at 
the  anode  would,  in  a  short  time,  be  re-deposited  at  the  cathode 
in  such  quantities,  and  in  so  slightly  coherent  a  condition,  that, 
in  spite  of  every  precaution^  it  would  be  washed  off  again  by  the 
fused  salt,  and  (especially  in  this  form  of  apparatus)  would 
be  returned  to  the  anode.  Not  only  would  there  be  no  chlorine 
evolution,  which  the  invention  aims  at  avoiding,  but  in  a  short 
time  there  would  be  no  deposition  of  alkali  metal  either. 

Bogers'  Process. — A.  J.  Rogers*  has  patented  the  apparatus 
shown  in  Fig.  21,  which  is  a  longitudinal  sectional  elevation  of 
the  whole  apparatus  along  the  line  y  y  (Fig.  22),  and  in  Fig.  22, 
which  is  a  plan  of  one  portion  of  the  apparatus  along  the  line 
X  X  (Fig.  21).  A'  shows  the  masonry,  B  the  fire-grate.  The 
melting-pot,  C,  is  provided  with  a  cover,  C,  which  may  be 
fastened  down ;  on  the  middle  of  this  cover  is  a  funnel,  e',  which 
closes  automatically  by  a  ball-float  valve,  c,  when  the  crucible 
is  sufficiently  chargecL  The  safety-valve,  c^  is  provided  to 
guard  against  risk  from  a  sudden  evolution  of  gas.  The  decom- 
posing-vessel,  D,  is  divided  into  two  compartments  by  the  wall, 
dy  which  is  made  of  some  porous  material,  such  as  fire-brick, 
and  reaches  nearly  to  the  bottom  of  the  chamber. 

Hie  tube,  E,  forms  a  connection  between  C  and  D^  and  a  cook, 

*  Uaited  States  Patsnt  280,357,  April  8,  1884. 
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«,  serves  to  regnlate  the  flow  of  melted  material  from  C  to  D. 
N  is  the  negative,  and  P  the  positive  electrode  ;  the  wire 
oonnections  for  the  electrodes  within  the  celU  are  iuitulated,  and 
M  the  same  time  protected  from  the  attack  of  acid,  gases,  &c, 
by  the  fire-clay  tubes  n  and  p,  in  which  they  are  respectively 
enclosed.  The  tightly-fitting  cover,  d',  is  connected  by  two 
necks,  F  F,  with  separate  condensers,  and  is  fitted  with  four 
closed  doors  at  the  points  //  and/'/'  shown  in  Fig.  22.    The 


separating  partition,  d,  must  be  gas-tight  even  up  to  thti  top  of 
the  roof  D'.  Through  the  roof  of  the  negative  compartment  is 
passed  the  pipe,  E,  with  the  valve,  k,  by  which  hydrogen  or  other 
'reducing  gas  may  be  introduced.  The  vessel,  |D,  is  set  in  thin 
-masonry,  and  must  be  (wustructed  of  a  non-conducting  and  fire- 
resisting  material,  and  should  be  about  1  ft.  wide,  3  ft.  long,  and 
,4  ft.  deep.  The  decomposing  vessel  bears  a  strong  resemblance 
to  that  of  Watt's,  but  it  is  not  so  faulty  in  the  details  of  its 
construction.  Nevertheless,  it  is  scarcely  to  be  expected  that  it 
could  be  advuitageonaly  used  for  the  reduction  of  Uie  alkali 
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metals ;  and  the  material  of  which  it  is  made  is  incompatible  with 
great  durability.  The  distillation  of  sodium  in  clay  vessels  is  an 
undertaking  of  very  doubtful  expediency.  The  iron  pre-heating 
vessel,  C,  filled  at  a  strong  red  heat  with  melted  salt,  would, 
by  its  own  weight,  become  unserviceable  after  a  few  hours.  To 
attach  the  tube,  E,  sufficiently  iirmly  to  the  clay  vessel,  D,  and 
to  maintain  a  tight  joint  when  the  whole  apparatus  is  charged 
with  fused  sodium  chloride  at  a  red  heat,  would  be  no  easy  task. 
Eogers  has,  meanwhile,  had  an  opportunity  to  discover  the 
fEiults  of  the  apparatus. 

Omholt's  Apparatus. — Omholt's  plant*  (Figs.  23-26)  for  the 
continuous  production  of  the  light  metals,  appears  also  to  belong 
to  that  class  of  inventions  which  are  first  patented  and  then,  when 
opportunity  offers,  are  put  to  the  practical  test.  The  patentee 
writes  : — "The  apparatus  shown  in  longitudinal  section  (both  in 
elevation  and  in  plan),  in  Figs.  23  and  24,  consists  of  a 
reverberatory  furnace,  with  the  hearth  divided  into  two  separate 
compartments  by  the  bridges,  a  a.  In  each  of  these  compart- 
ments are  two  half  retorts,  b  and  c,  borne  horizontally  and 
parallel  to  one  another,  on  supports,  d  d,  of  fire-resisting 
material,  placed  side  by  side,  in  such  a  way  that  the  half  retorts 
are  separated  by  a  short  space  from  the  sole  of  the  hearth.  The 
half  retorts  marked  b  b  contain  the  negative  electrodes,  e  e, 
whilst  those  marked  c  c  enclose  the  positive  electrodes,  ff.  The 
halogen  compound  to  be  electrolysed  lies  melted  on  the  hearth 
at  such  a  height  that  the  electrodes  in  the  half  retorts  are  com- 
pletely immersed.  The  metal  separating  at  the  cathode,  and  the 
halogen  set  firee  at  the  anode,  collect  within  their  respective  half 
retorts,  and  are  there  protected  from  contact  with  the  furnace- 
gases,  owing  to  the  liquid  seal  which  is  formed  by  the  dipping 
of  the  half  retorts  into  the  melted  charge.  The  half  retorts  are 
made  of  a  fire-resisting  and  non-conducting  substance,  and  are 
coated  on  the  interior  with  a  lining  of  carbonaceous  material. 
The  latter  material  consists  for  the  most  part  of  carbon  (graphite 
or  wood-charcoal)  ;  the  mixture  used,  for  example,  in  the  manu- 
facture of  plumbago  crucibles  being  suitable.  The  admixed  clay 
serves  only  to  give  plasticity  to  the  carbon. 

'*The  electrodes  are  made  of  carbon  or  other  resisting  material. 
They  lie  lengthwise  within  the  half  retorts,  as  shown  in  the 
illustration,  whilst  at  the  one  side  (at  g  in  Fig.  25)  they  penetrate 
the  masonry  of  the  furnace,  and  there  make  the  necessary  con- 
nections for  the  circulation  of  the  electric  current.  To  prevent 
the  separation  of  halogen  or  metal  on  the  electrodes  outside  the 
half  retorts,  the  exposed  portions  between  the  face  of  the  retorts 
and  the  brickwork  of  the  furnace  are  insulated  by  a  covering 
of  fire-clay.     By  this  construction,  I  [the  patentee]  allow  for  the 

*  German  Patent  34,727,  June  6,  1885. 
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Fig.  23.— Omholt'i  Sodium  FUot  (longitndiiuil  aecUoQ&l  eleratioD). 


Tig.  24.— Omholt'a  Sodium  Plant  (pUn). 


Fig.  2S. — Omholt'i  Sodium  Plant  (oram  aection). 

renewal  of  broken  h&lf  retorts  without  damagiug  the  electoodes 
or  altering  their  position. 

"  The  half  retorts,  b  b,  are  connected  with  the  fire-resisting  fore- 
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chambers,  kk,  hy  short  tubes,  kh,  which  should  be  as  wide  aa 
possible  tmd  which  are  best  placed  verticallj;  these  tubes,  hh, 
are  made  of  some  mixture  contalaii^  carbon.  The  position  of 
the  upper  edges  of  the  tubes,  A  A,  aetermioes  the  level  of  the  ■' 
melted  charge  in  each  compartment  of  the  hearth.  The  metal 
separating  at  the  electrodes,  e  a,  collectsunder  the  half  retorts,  bb, 
OD  the  upper  surface  of  the  fused  salt,  whence  it  passes,  either  as 
liquid  or  as  vapour,  through  the  tubes^  /t  h,  into  the  fore-chambers, 
ik,  beneath,  where  it  accumulates  in  vessels  placed  to  receive  it. 
Blaoh  fore-chamber,  k,  is  closed  by  a  mouthpiece,  n,  similar  to  those 
used  in  connection  with  coal-gas  retorts,  through  which  the 
vessel  placed  beneath  the  pipe,  h,  mav  be  withdrawn  when  it  is 
fully  charged  with  metal,  and  replaceci  by  an  empty  one.  These 
vessels  are   removed   as   quickly   as   possible    from    the    fore- 


Fig.  26.— Omholt's  modified  Sodium  Plant. 

chambers,  and  are  allowed  to  cool  either  in  a  neutral  gas  or  in 
such  a  way  that  air  is  excluded.  A  neutral  gas  is  also  passed 
into  the  fore-chambers,  kk,  to  the  complete  exclusion  of  air. 

"The  halogens  produced  in  the  half  retorts,  ec,  are  led  away 
after  the  manner  of  removing  the  metallic  vapours  just  dsBcribed, 
i)ut  the  upper  margins  of  the  upright  tubes,  II,  project  slightly 
above  the  level  of  the  fused  salt  in  ihe  furnace,  in  order  to  guard 
against  an  overflow  of  the  liquid  into  the  fore-chambers,  m  m. 
The  halogen  is  conveyed  from  the  latter  by  means  of  a  pipe  con- 
nection. The  halogen  compound  may  be  charged  into  the  hearths 
continuously  or  intermittently,  and  either  in  the  solid  or  in  the 
ihsed  condition.  To  prevent  the  contamination  of  the  melt  by 
ashes  from  the  fuel  or  the  like,  the  furnace  may  be  constructed 
like  a  muffle  or  muffle-furnace.     The  use  of  gas'firing  is  also  to 


52  ELECTRIC  8MRLTINO   AND   REFINING. 

be  recommended^  To  facilitate  the  exchange  of  worn-out  or 
broken  half  retorts,  the  furnace  arch  may  be  constructed  with 
removable  fire-clay  blocks,  o  o.  Instead  of  arranging  the  elec- 
trical connections  of  the  electrodes  at  tbe  side,  as  in  Fig.  25,  it 
is  more  practicable  to  make  them  from  below,  as  in  Fig.  26, 
where  the  electrode,  e,  is  supposed  to  be  the  cathode;  the  anodes, 
however,  are  similarly  connected  up  with  the  dynamo  from  below, 

'*  To  avoid  the  use  of  neutral  gases,  I  [the  patentee]  effect  the 
removal  of  the  light  metal  accumulating  on  the  surface  of  the 
melted  charge  in  the  half  retort,  6,  in  such  a  way  that  it  passes 
through  the  upright  tube,  h  (Fig.  26),  into  a  fore-chamber,  k, 
which  is  so  far  filled  with  inactive  liquid  {e.g,,  a  petroleum  pro- 
duct of  high  boiling  point)  that  the  curtain  wall,  S,  of  the 
compartment,  k,  forms  a  liquid  seal,  preventing  the  access  of  the 
outside  atmosphere.  The  light  metal  flowing  through  h  collects 
in  a  movable  vessel,  w,  placed  beneath,  which  may  be  drawn 
out  when  full,  raised  through  the  entrance,  uv,  of  the  fore- 
chamber,  K,  and  replaced  by  another  empty  vessel." 

So  far  the  patent  specification.  No  one  who  has  had  any  ex- 
perience in  the  electrolytic  separation  of  the  metals  of  the 
alkalies,  earths,  or  alkaline  earths  in  vessels,  which  are  placed 
in  direct  contact  with  the  furnace-gases,  and  which  are  made  of 
such  porous  material  as  are  the  half  retorts  described  by  Omholt^ 
will  have  a  moment's  hesitation  as  to  the  verdict  upon  this  process. 
The  furnace-gases  have,  especially  in  the  reverberatory  furnace 
just  described,  the  most  favourable  opportunity  to  circulate  in 
intimate  contact  with  the  fused  chloride,  whilst  they  are  separ- 
ated from  the  vapour  of  sodium  only  by  a  partition  that  is 
especially  pervious  to  gases.  The  rate  at  which  the  metal  is 
separated  is  reduced  in  proportion  as  the  resistance  of  the  electro- 
lyte increases ;  the  rate  at  which  the  bath  of  chloride  becomes 
loaded  with  oxides  and  hydroxides  being  proportionately  very 
great.  This  latter  circumstance  is  a  result  of  the  contact  of  the 
hot  furnace-gases  with  the  charge,  either  directly  or  after 
diffusion  through  the  partition  wall,  and  is  in  part  due  to  the 
oxidation  of  the  metal  and  in  part  to  the  decomposition  of  the 
chloride. 

The  small  yield  of  metal,  and  the  increasing  resistance  of  the 
bath,  in  consequence  of  the  absorption  of  oxygen,  would  alone 
suffice,  for  practical  purposes,  to  condemn  an  apparatus  of  this 
description.  It  should  be  noted  also  that  the  electric  resistance 
of  the  bath  would  continue  to  increase  with  the  lapse  of  time, 
owing  to  the  extraction  of  alumina  and  silica  from  the  masonry, 
until  finally  the  current  would  cease  to  pass.  In  passing  un- 
favourable judgment  upon  this  plant,  no  account  has  b^en  taken 
of  the  losses  resulting  from  the  greater  irregularities  that  must 
occur,  such  as  fracture  of  retorts  and  other  evils.  Moreover, 
the  use  of  an  oil  reservoir  (Fig.  26)  under  the  thin  hearth  of  a 
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rererboratory  furnace,  filled  with  &  fused  mass  at  &  red  heat, 
and  especially  liable  to  wear  out,  would  scarcely  be  permitted  in 
countries  in  which  the  works  are  subject  to  Government  inspec- 
tion, even  of  the  most  lenient  description. 

FiBoher's   ProoeBS.— F.  Fischer*  has  described  his  experi- 
ments with  the  arrangement  shown  in  Fig.  27,  as  follows ; — 
"An  iron  crucible  is  divided  into  three  compartments  by  two 
transverse  partitions,  reaching  nearly  to  the  bottom.     The  drr 
alkaline  chloride  is  introduced  into  the  first  division  in  such 
quantity   that  the    level   of    the 
melted  salt  in  the  closed  decom- 
position compartment  may  stand 
at  about  that  of  the  line  a.     The 
carbon  plate,  e,  which  serves  as 
anode,  is  either  continued  upwards 
through   the    cover  of   the    coll, 
or    makes    connection    with    the 
electric  generator  by  a  protected 
metal  wire.      An    iron  plate,  e, 
may  serve  as   cathode,   and    the 
sodium  vapour  produced  is  carried 
off  by  a  side  tube.     The    metal 

walla  of  the  anode  compartment       Kg.  27.— Fischer's  apparatus, 
must  be  protected  from  the  action 

of  the  chlorine  as  it  is  evolved  and  conducted  away ;  but  this 
difficulty  would  disappear  if  the  carbonate  were  used  for  the 
decomposition."  The  electrolytic  dissociation  of  the  carbonate, 
however,  offers  very  great  difficulties,  in  consequence  of  the 
small  electrical  conductivity  of  this  salt.  The  use  of  the 
chloride  leads  to  the  same  troubles  that  are  experienced  with 
Troost's  apparatus  (p.  34). 

Homnng  sod  Easemerer'B  Plant. — The  apparatus  of 
Homung  and  Kasemeyer  t  is  distinctly  retrogressive.  This 
arrangement  is  shown  in  Figs.  28  and  29 :  "  In  which  A  is  a 
graphite  anode,  serving  also  as  a  crucible  for  oielting  the  charge, 
and  enclosed  within  an  iron  sheath.  Attached  by  the  usual 
devices  to  the  rim  of  the  crucible  is  the  ring-shaped  cover,  P, 
made  of  a  closd*grained  porcelain,  and  provided  with  a  channel, 
leading  to  an  off-take  main,  C  Within  this  cover  is  hung 
a  [tube-shaped]  porcelain  screen  which  is  long  enough  to 
be  immersed  to  a  sufficient  depth  in  the  electrolytic  bath. 
Through  this  screen  the  hollow  cathode,  K,  made  of  iron  or 
other  suitable  metal,  is  lowered  into  the  space  within  the 
anode.  The  cathode  must  be  of  such  width  that  a  space  is 
left  between  it  and  the  tube,  3.  At  the  u|>per  end  of  the 
cathode  a  compartment,  e,  is  formed,  of  which  the  under  side 
■*  WaRDer-Fisoher'B  Jairtiherieht,  1886,  p.  222, 
t  German  Patent  46,334,  Jan.  29,  IBSS. 
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tDRkea  a  tight  joint  with  the  cover,  P,  and  the  shell,  S.  This 
chamber  is  closed  above,  but  is  provided  with  a  number  of 
perforations,  k,  below,  through  which  free  communics,tion  is 
made  with  the  space  between  the  cathode  and  the  tube,  S.  At 
the  side  of  the  chamber  is  a  tube,  M. 

The  cathode  is  open  at  both  ends ;  and  through  the  upper 
opening,  the  original  charge  is  introduced,  with  the  aid  of  any 
of  the  usual  mechanical  devices  for  such  a  purpose,  and  after- 
wards chloride  is  added,  to  make  good  that  which  has  been 
decomposed  during  the  i>lectroljsis;  this  is  done  in  such  a  manner 
that  the  cathode  may  always  remain  perfectly  full  of  salt,  which 
thns  forms  a  close  cover  to  the  apparatus  at  this  place.     The 
lengths  of  the  cathode  and  of  the  anode,  respectively,  are  so 
chosen    that   the   weight    of   the 
chloride  cbai^e  in  the  former  may 
suffice  to  maintain  the  level  of  the 
liquid  in  the  anode-cell  at  such  a 
height  that  all  communication  is 
cut  off  between  the  two  compart- 
ments formed  by  the  screen-tube,  S. 
The  chlorine  formed  at  the  anode 
and  the  sodium   vapour  produced 
at  the  cathode,  durinc;  the  progrcBs 
of  the  operation,  are  kept  apart  by 


Fig.  28.  Fig,  29. 

Homung  and  Kuemeyer'a  apparatus. 

the  screen,  S,  the  former  passing  to  the  tube,  C,  the  latter  to  M. 
In  proportion  to  the  decomposition  of  the  salt,  fresh  chloride 
sinks  into  the  bath  from  the  cathode,  and  this  is  continuously 
replaced  by  fresh  additions  above." 

The  whole  arrangement  strikes  one  sb  being  a  most  un- 
lortunate  combination  of  devices  of  which  each  separately  has 
been  thoroughly  serviceable  amid  its  original  surroundings. 
For  example,  the  use  of  a  carbon  crucible  as  a  combined  decom- 
position vessel  and  snode  has  proved  succesaiul  in  the  apparatus 
which  Bunsen  *  employed  in  1854  for  the  reduction  of  chromium 
'Pogg.  Ann.,  1854,  vol.  loi.,  p.  619. 
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(see  Chromium).  The  employment  of  hollow  electrodes  through 
which  the  solid  electrolyte  might  be  charged,  dates  back  even 
farther,  for  J.  H.  Johnson's  application  for  provisional  pro- 
tection in  England,  described  such  an  arrangement  in  1853 
(see  Aluminium),  The  inventors  have  now  discovered  that 
the  sinking  of  the  substance  in  the  tube  does  not  take  place 
uninterruptedly,  and  have  introduced  a  rotating  spiral  within 
the  electrode  in  order  to  prevent  stoppage.  The  separation  of 
the  electrodes,  and  of  the  ions  produced  upon  them,  by  means  of 
non-conducting  partition  walls,  is  as  principle  a  old  as  electro- 
chemical decomposition  itself. 

If  the  metal  and  halogen  are  to  be  separated  in  Homung  and 
Kasemeyer's  apparatus,  it  is  necessary  to  replace  the  short 
separating  tube  by  a  cell  closed  at  the  bottom  and  provided 
with  perforations  at  the  sides.  But  even  then  the  life  of  the 
iron  crucible  cover  could  not  be  very  long,  since  the  metal  is 
surrounded  with  the  heated  furnace  gases  without,  whilst  within 
it  is  in  contact  with  chlorine  which  has  diffused  through  the 
substance  of  the  graphite  crucible.  Among  the  apparatus 
previously  described  there  are  some  which,  although  they  have 
a  few  faults,  yet  possess  the  advantage  of  comparative  simplicity. 

Grabau's  Apparatus.  —  Although  the  ideas  embodied  in 
some  of  these  inventions  are  undoubtedly  good,  it  is  not  pos- 
sible that  the  processes  could  be  employed  satisfactorily  for 
continuous  work,  nor  could  they  compete  with  the  chemical' 
methods  employed  for  the  reduction  of  the  alkali  metals  from 
their  hydroxides  or  carbonates.  That  the  source  of  the  difficulty 
lies  in  the  technical  application  of  the  process  is  shown  by  the 
account  published  by  A.  J.  Rogers,*  who  was  able  to  produce 
2*5  to  3  kilogrammes  [5*5  to  6*5  lbs.]  of  sodium  from  the  chloride 
per  electrical  horse-power  in  24  hours,  provided  that  the  apparcUua 
teas  suffidenUy  durable  to  allow  of  uninterrupted  work.  The 
electro-chemical  efficiency  of  the  process  was  therefore  very  high, 
but  the  apparatus  employed  was  still  imperfect.  In  the  same 
year  that  Rogers'  paper  was  published,  Grabau  patented  his 
apparatus  which  was  intended  primarily  for  the  electrolytic 
extraction  of  alkali  metals  from  their  halogen  compounds ;  the 
patent  specification  t  was  published  on  May  2,  1890.  In  this 
arrangement  the  melting  vessel,  A  (Fig.  30),  was  surrounded  by 
an  air-bath,  L,  heated  by  the  hot  gases,  which  circulated  in  the 
space,  G,  around  it.  Within  this  vessel  were  a  bell-3haped 
cathode-cell,  B,  made  of  porcelain  or  other  suitable  fire-resisting 
material,  and  the  carbon  positive  electrodes,  C,  which  were 
arranged  arounc^the  latter.     The  whole  was  closed  by  a  cover,  D. 

At  the  bottom  of  the  cell,  B,  the  side  walls,  ti7,  are  first 

*  Journal  of  the  Franldin  InH,^  1889,  vol.  czxviii.,  p.  4S6. 
t6«rman   Patent  51,898,   October  8,   1889.    [Engliah  Patent  15,792, 
October  8,  1889]. 
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extended  outwards,  and  are  then  curved  upwards  again,  bo  tb&t 
they  ultimately  project  above  the  level,  N  N,  of  the  fused  elec- 
trolyte. In  this  way  a  space  is  provided  between  the  wall  of  the 
cell,  p,  and  the  outer  jacket,  w ;  and  as  melted  teatter  cannot 
.  penetrate  this  space,  the  fused  salt  does  not  come  into  contact 
with  the  outer  surface  of  the  wall,  p,  and  it  is  thus  impossible 
that  the  cell-walls  can  permit  any  direct  electrical  connection 
to  be  made  between  the  melted  matter  within  and  that  without 
the  cathode  cell. 


Fig.  30.  — Orabau's  appajratus  for  the  roductioD  of  alkaU  metaU. 

The  electrode  cell,  B,  is  connected  by  a  tight  joint,  with  a 
hollow  iron  cap,  £,  from  which  a  side  tube,  a,  passing  over  the 
rim  of  the  molting  vessel,  makes  communication  with  the  receiver, 
'  S.  The  cap,  £,  forms  the  negative  pole,  and  makes  electrical 
contact  with  the  fused  salt  by  means  of  the  rod,  n,  placed  within 
the  bell.  The  screw -plunger  attached  to  the  frame,  H,  is  provided 
for  the  purpose  of  removing  any  stoppages  that  may  occur  in  the 
tube,  E.  Since  the  alkali  metals  are  specifically  lighter  than 
their  chlorides  in  the  fused  state,  the  fluid  metal  accumulating 
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in  the  cathode  cell  is  forced  upwards  hj  the  pressure  of  the 
melted  electrolyte,  and  flows  off  through  the  tuhe,  a,  as  fast  as  it 
is  .produced.  It  is  collected  outside  the  (fecomposition  cell,  as, 
for  example,  In  a  vessel,  S,  containing  petroleum.  In  this 
instance  the  cylinder,  M,  may  be  filled  with  a  neutral  gas  • 
admitted  through  the  tube,  c.  The  chlorine  evolved  at  the 
anodes  during  electrolysis  escapes  through  d,  whilst  the  charge 
of  salt  is  introduced  into  the  melting  vessel  through  & 

In  a  supplementary  patent  dated  September  19, 1890,  Grabau  * 
recommends  the  use  of  a  mixture  of  three  chlorides  (of  sodium, 
pf  potassium,  and  of  an  alkaline  earth)  in  equivalent  molecular 
proportions,  the  advantages  thus  gained  being: — a  greater 
fusibility  of  the  mixture,  the  prolongation  of  the  life  of  the 
vessel,  and  an  improved  yield  of  metal.  The  resulting  sodium 
is  said  to  be  nearly  free  from  potassium  and  alkaline  earth  metal. 

Grabau's  process  would  have  solved  the  problem  of  the  produc- 
tion of  sodium  by  the  electrolysis  of  the  chloride,  if  the  difficulty 
of  designing  a  durable  plant  of  sufficient  size  on  this  model 
could  have  been  overcome.  It  is  not  improbable  that  such  an 
apparatus,  if  once  set  in  operation,  might  last  for  a  day  or  even 
for  a  week;  but  the  starting  of  the  process  would  necessitate 
many  breakages,  and  every  derangement  of  the  plant  that  calls 
for  a  suspension  of  the  process  might  entail  the  loss  of  the  whole 
apparatus.  The  mixing  of  several  salts  to  effect  a  reduction  of 
the  melting  point  is  not  new,  for  Bunsen  and  Matthiessen  have 
frequently  referred  to  the  principle ;  and  the  same  may  be  said 
of  the  observation  that,  under  certain  circumstances,  the  alkali 
metal  is  alone  separated  in  the  electrolysis  of  mixtures  of  alkali 
and  alkaline  earth  chlorides. 

In  the  author's  experiments,  which  he  undertook  rather 
with  the  object  of  obtaining  alkali  metals  than  with  that  of 
producing  pure  sodium,  he  started  with  the  very  fusible  mixture 
of  KCl  +  NaCl ;  but  he  has  demonstrated  that  even  in  this  case, 
if  the  current  density  be  not  excessive,  and  if  fresh  sodium 
chloride  be  introduced  as  fast  as  this  salt  is  decomposed,  the 
metallic  sodium  obtain^  by  electrolysis  will  contain  only  a 
small  proportion  of  potassium. 

Borohers'  Apparatus. — The  apparatus  used  is  shown  in 
Fig.  31.  The  melting  vessel,  G,  had  an  opening  surrounded  by 
the  socket  tube,  M,  and  two  other  openings  with  tubular  necks,  R. 
The  double -socket  porcelain  tube,  J,  fitted  into  the  socket,  M, 
and  in  this  again  fitted  the  iron  socket  tube,  N.     N  was  closed 

*  [English  Patent  16,060,  October  9,  1890.  In  this  specification  Grabau  ' 
proposes  to  employ  equi-molecular  proportions  of  potassium  and  sodium 
chlorides,  and  to  add  2  molecules  of  strontium  chloride  for  every  6  mole- 
cules of  the  niixed  alkaline  chlorides.  Strontium  chloride  was  pVefel'red 
to  the  calcium  salt,  because  it  is  more  easily  obtained  in  the  anhydrous 
state ;  but  either  (or  barium  chloride)  may  be  used.  The  sodium  produced 
contains  no  strontium,  but  may  retain  3  per  cent,  of  potassium. — Trans.] 
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ftbore  b;  an  iron  plug,  through  which  weis  passed  the  iron 
rod,  K ;  the  latter  seired  aa  cathode,  and  was  therefore  partly 
immersed  in  the  fused  salt.  The  sodium  separating  upon  the 
lower  part  of  the  cathode  floatwl  upwards  through  the  tube,  N, 
and  collected  there  until  it  overflowed  through  the  side  tube,  n, 
into  a  suitable  vessel  placed  to  receive  it.  The  level  of  the 
melt  was,  of  course,  maintained  sufficiently  high  to  enable  the 
overflow  of  the  sodium  to  take  place ;  and  the  liquid  was 
prevented  from  forcing  its  way  through  the  flanges  by  means  of 
metallic  lead. 

Within  the  neck,  R,  the  porcelain  tube,  C,  was  suspended, 


Fig.  31.  — Borchen'  apporattu  for  redaeing  the  alkftU  mstals. 

and  within  this  again  was  the  carbon  anode-rod.  A,  which  was 
held  by  the  copper  grip,  H,  resting  upon  the  annular  cover,  D. 
The  chlorine  was  conducted  away  through  the  tube,  c  A  third 
tube  (not  shown  in  Fig.  31)  of  the  same  height  and  width  as  B, 
served  for  the  introduction  of  the  electrolyte.  The  apparatus 
was  design^  for  use  with  a  current  of  30  to  GO  amperes,  and 
afibrded  a  yield  of  from  65  to  70  per  cent,  of  the  weight  of  metal 
theoretically  possible. 

This  apparatus  has  not  proved  to  be  very  durable.  Cast 
iron,  at  a  red  heat,  will  not  for  long  withstand  the  effects  of 
alkaline  chlorides  on  the  one  side  and  of  furnace  gases  on  the 
other.     Of  the  porcelain    components,  the  double-flanged  tube 
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was   fonnd   to   be   very  readily  brokeo,   a  fault   vhicli  would 
become  more  serious  as  the  size  of  the  plant  was  increased. 

BeqTurements  for  an  Eleotrolytlo    Sodium-Extrsotfon 
App&ratns. — Both  this  apparatus  and  that  devised  by  Graban 
poesesa  the   disadvantage  that  sodium  is  brought  into  direct 
oont&ct  with  porcelain,  for  there  most  inevitably  be  a  loss  of 
sodium   caused   by  the  action   of  the   metal    upon  aluminium 
silicates  at  these  points,  whilst  the  porcelain  itself  is  rapidly 
corroded.     The  lessons  that  may 
be    derived    from     the    negative 
results  hitherto  obtained  may  be 
summed  up  shortly  in  the  follow- 
ing rules  for  the  construction  of  a 
suitable  apparatus  for  sodium  ex- 
traction : — 

1.  A  refractory  met^l  only  may  be 
lued  as  the  material  for  the  cathode — 
preferably  the  better  lorti  of  iron. 

2.  The  alkali  metal  muit  be  collected 
in,  and  conveyed  from,  the  cathode  ocU 
without  coming  into  contact  with  any 
Rdacible  anbatance. 

3.  The  walls  of  the  cathode  chamber 
may  be  made  to  serve  alao  aa  cathodes, 
bat  in  that  case  they  mast  not  be  in 
ccntsct  with  the  electrolyte  on  their 
outer  aarfacea. 

4.  The   anodea    mnat   be    made   of 

S-  Theanode-compartmentmnatallow 
of  an  easy  escape  for  t  he  halogen ;  and 
its  walla  must  be  made  of  some  material 
that  will  witbetand  the  action  of  the 
halogena  and  haloid  salts. 

6.  The  walla  of  the  anode  compart- 
meot  mnat  not  be  in  contact  with  the 
separated  metaL 

7-  No  metallic  object  must  be  im- 
mersed in  the  electrolyte  in  any  po«i- 
tion  between  the  poles  or  in  the  path  of 


These  conditions  are  only  at 
present  fulfilled  in  two  forma  of 
apparatus,  of  which  the  former  is 
that  introduced  by  Grabau  in  1891, 
as  an  improvement  on  his  earlier 

invention.     It  differs  from  it  only  in  the  arrangements  of  the 
cathode  bell,  so  that  this  alone  now  requires  explanation.     * 

Grabaa'a  later  Apparatus. — The  modem  Qrabau  cathode- 


cell  has  a  wider  space  than  that  originally  provided  between  the 
bell  and  its  bent  outer  wall.  In  tbb  space  is  arranged  a  cooling 
tube  with  connecting  pipes,  Z  and  A,  for  the  admission  and 
removal  respectively  of  a  cooling  liquid.  The  object  of  this  is 
to  maintain  a  thin  crust  of  solidified  Bait  upon  the  outer  wall 
of  the  cell;  and  in  order  that  the  crust  may  not  become, too 
thick  the  coaling  tubes  within  the  U-shaped  jacket  of  the  bell  are 
packed  in  a  material  having  a  low  conductance  for  heat.  The 
temperature  of  the  fused  salt  within  the  bell  ia  maintained 
sufficiently  high  io  prevent  solidification  on  the  inner  walla, 
owing  to  the  enormous  density  of  the  current  that  is  here  pass- 
ing through  the  electrolyte. 
Boroliers'   Sodlum-Extraotion    Plant. — Another  form  of 


ar:  Admission. 


Figs.  33  snd  34. — Borchers'  sodinm-extr&ctioD  plant. 

apparatus  has  been  constructed  by  the  author  for  use  in  two 

works,  and  was  described  by  him*  in  1893.     This  apparatus  is 

*  Borchera  "  Alkatimetolle  ",  la  the  ZeUtchr^  /Or  angeiaandu  Chetnie, 
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shown  in  Figs.  33  and  34,  which  are  about  one-eighth  of  the  full 
size.  It  consists  of  two  chambers  connected  together  hj  a 
special  joint.  One  of  these,  the  cathode  chamber,  K,  is  of  iron, 
whilst  the  other,  the  anode  compartment.  A,  is  of  chamotte. 
Thus  the  anode,  a,  is  provided  with  a  shield  through  which  no 
chlorine  can  pass  to  the  cathode,  and  which  cannot  be  attacked 
from  without  by  the  fused  salt,  or  from  within  by  the  powerfully- 
reducing  metal  obtained  at  the  cathode.  It  is  in  this  way 
possible  to  use  tube-shaped  cathodes  for  the  collection  and 
removal  of  the  metal,  the  advantage  of  which  is  that  the 
deposit  can  be  produced  only  upon  the  inner  side,  for  the  outer 
surface  is  nowhere  in  contact  with  the  electrolyte. 

Great  difficulties  were  encountered  at  first  in  making  a  good 
joint  between  the  vessels.  It  was  accomplished,  as  shown  in 
Figs.  33  and  34,  by  means  of  a  hollow  metal  water-cooled  ring, 
R,  held  together  above  and  below  by  the  clamps,  Z.  The  only 
really  impermeable  material  /that  is  available  for  such  portions 
of  an  apparatus  is  the  electrolyte  itself  solidified  by  cool- 
ing, no  other  material  being  able  to  withstand  for  long  the 
action  of  the  fluid  salts.  The  breakage  of  the  fireclay  portion 
of  the  apparatus  is  avoided  by  placing  an  asbestos-washer 
between  the  water-cooled  ring  and  the  flange  of  the  anode-com- 
partment, A,  in  order  to  minimise  the  difference  of  temperature 
between  the  adjacent  parts.  A  tube,  0,  is  provided  to  carry  off 
the  chlorine.  A  sieve,  S,  with  a  little  asbestos  resting  upon  it 
is  provided  to  receive  the  small  crystals  of  added  salt,  which 
would  otherwise  be  apt  to  crack  the  anode- vessel. 

The  current  density  o^  the  cathode,  K,  must  amount  to  about 
5000  amperes  per  sq.  metre  [3*2  amp.  per  sq.  in.].  A  smaller 
current  density  at  the  anode  surface  would  necessarily  lead  to  an 
economy  of  power,  but  it  is  scarcely  to  be  attained  in  an  appa- 
ratus of  the  kind  employed  for  the  electrolysis  of  fused  lithium 
and  magnesium  salts.  In  this  respect  the  new  arrangement 
offers  distinct  advantages,  for,  with  the  same  current  density  at 
the  cathode,  that  at  the  anode  may  be  reduced  to  any  required 
degree,  and  the  expenditure  of  power  must  then  show  a  corre- 
sponding diminution. 

Castner'B  Process. — Before  passing  to  the  details  of  the 
manufacture,  mention  may  be  made  of  several  forms  of  apparatus 
which  have  been  before  the  public  for  about  the  same  time  as 
those  just  described,  but  which,  with  one  exception,'  must  be 
reckoned  unserviceable.  This  exception  is  the  plant  devised  by 
Castner.'*  Whether  the  system  proposed  by  this  inventor  is 
the  best  remains  to  be  proved.  It  is  to  be  observed  that  he 
recommends  the  electrolytic  decomposition  of  an  alkaline 
hydroxide.  Not  only  is  this  a  very  costly  raw  material,  but  it 
affords  hydrogen  along  with  the  metal  under  the  action  of  the 
*  German  Patent  58,121 ;  and  EngUah  Patent  13,356, 1890. 
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current;  and  it  cannot  alwaja  be  ensured  that  the  value  of  the 
energy  expended  in  liberating  the  hydrogen  shall  be  recovered 
by  the  utilisation  of  that  gaa. 

The  apparatus  (Fig.  35)  consists  of  an  iron  melting-pot,  A, 
into  which  the  cathode,  H,  is  inserted  through  the  bottom.  To 
bold  the  cathode  in  position  and  to  ensure  a  good  joint,  the 
lower  and  somenhat  narrowed  part  of  the  vessel,  with  the  tube, 
B,  which  is  attached  to  it,  are  both  filled  with  caustic  alkali 
before  starting  the  electrolysis,  and  this  in  a  short  time  solidifies. 
The  bath  of  caustic  alkaU,  E,  is  kept  in  the  fused  condition 
by  a  gas  flame,  G ;  and  in  t^is  bath  are  immersed  the  anodes,  F, 
which  (for  this  electrolyte)  may  be  made  of  metal.  They  are 
suspended  from  the  cover,  and  are  separated  from  the  cathode 
by  a  cylindrical   diaphragm  of  wire  mesh,  M.     Above   iS.  is 


F!g.  35. — Cmtuer's  electrolytic  Bodium-eitraction  pUnt. 

placed  the  collecting  tube,  C,  by  which  the  metal  (D)  and 
hydrogen  are  kept  separated  from  the  liberated  oxygen,  which 
finds  an  escape  from  the  anode  compartment  by  the  opening,  F, 
in  the  cover.  The  tube,  0,  is  closed  by  a  lid,  N,  that  rests 
sufficiently  loosely  upon  its  support  to  permit  the  escape  of 
hydrogen.  For  the  removal  of  the  liquid  sodium,  Castner  uses 
a  perforated  ladle  which  is  able  to  retain  the  metal  by  reason 
of  the  high  surface-tension  of  the  latter,  while  the  caustic  soda 
drains  awHy  through  the  perforations.  The  various  parts  of  the 
apparatus  are  separated  by  asbestos  card  as  shown  at  3.  I  and 
L  are  the  dynamo  leads.  Lctrge  quantities  of  sodium  are  now 
being  made  by  this  plant.* 

*  [The  Castner  proceu  is  now  in  eitemive  nse,  not  ouly  at  the  inventor'a 
works  in  OLdbary,  but  also  at  those  of  the  Miagora  Electro-Chemical  Com- 
'^•"y  in  the  United  Ststes,  and  "'  **-—"-    i*-:-»—   t  ....:...   ^..  j  d_,. — 1_« 
lenB  any .  ^TaAjiSLAToa.  ] 
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An  invention  patented  by  Niewerth*  of  the  firm  of  Hasen- 
clever  &  Sons,  and  consisting  in  the  decomposition  of  vaporised 
-compounds  of  the  alkali  or  alkaline  earths  by  means  of  frictional 
electricity,  or  by  induced  electric  currents,  is  scarcely  to  be  taken 
seriously.  So  also  Bull  t  and  Stork  |  have  proposed  the  introduc- 
tion of  impracticable  arrangements  into  the  construction  of 
their  apparatus. 

Manuftoture  of  Sodium  by  Eleotrolysis. — The  explanations 
given  on  the  preceding  pages  suffice  to  show  that  the  decomposition 
of  fused  sodium  salts  is  surrounded  with  far  greater  practical 
■difficulties  than  is  that  of  the  corresponding  lithium  and  mag- 
nesium compounds.  The  causes  of  this  difference  are  obviously 
to  be  explained  only  after  observing  the  properties  of  the  raw 
material  used  for  electrolysis  and  of  the  products  of  the 
operation,  or  possibly  those  of  some  intermediate  products. 
Hence  comparisons  of  the  meltiug  points,  both  of  the  electro- 
lytes and  of  the  metals  to  be  separated,  and  of  the  boiling  points 
-of  the  latter,  will  throw  some  light  on  the  question. 


Beductlon  of 

Electrolyte. 

Melting  point 

Boiling  i>oiiit 
of  the  metal. 

of  the 
Electrolyte. 

of  the  metal. 

Magnesiam. 
Lithium. 

Sodium. 

Camallite. 
Lithinm-Potassiiim 

chloride. 
Sodium-chloride. 

Degrees  C. 
500 
500 

900 

Degrees  C. 

500  to  600 

180 

96 

Degrees  C. 

over  1100 

1000 

900 

From  this  table  it  will  be  seen  that  in  the  first  two  cases  the 
melting  points  of  the  electrolytes  of  the  metals  agree  more  closely 
with  one  another  than  do  the  fusing  points  of  the  electrolytes  with 
the  boiling  points  of  the  metals.  But  in  the  last  instance,  the  very 
low  melting  temperature  of  the  sodium  is  far  below  those  of  the 

*  electrolytes  most  highly  recommended  ;  whilst  the  boiling  point 
of  the  metal  is  practically  identical  with  the  melting  point  of  the 
electrolyte.  It  has  often  been  supposed  that  sodium  is  capable 
of  uniting  with  sodium  chloride  to  form  a  sub-chloride,  and  that 
the  production  of  this  chloride  is  a  function  of  the  temperature. 
Although  this  surmise  is  not  absolutely  proved  to  be  correct,  it 

■appears  probable,  because  it  always  happens  that  the  higher 
is  the  temperature  of  the  electrode,  the  more  unfavourable  is 
the  yield  of  sodium.  If  a  sub-chloride  were  formed,  it  should 
for  the  most  part  be  re-converted  into  chloride  at  the  anode; 
and  this  reaction  would  account  for  the  consumption  of  a  corre- 

rspondingly  large  proportion  of  the  current. 

*  German  Patent  65,921.  t  English  Patent  10,735»  1892. 

:}:  German  Patent  68,335. 
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The  foremost  requirement,  therefore,  for  the  successful  reduc- 
tion of  sodium  by  electrolysis  is  an  electrolyte  melting  at  the 
lowest  possible  temperature.  It  is  a  well-ascertained  fact  that 
a  mixture  of  salts  fuses  at  a  temperature  which  is  usually  lower 
than  the  melting  points  of  the  individual  salts  forming  the 
mixture.  This  fact  was  utilised  even  by  Bunsen  and  Matthiessen 
to  guide  them  in  the  choice  of  an  electrolyte  with  low 
fusing  point.  At  a  later  date,  a  mixture  especially  suitable 
for  the  extraction  of  sodium,  and  corresponding  to  the  formula 
NaCl .  KCl .  SrClgi  was  patented  by  Grabau.*  [See  footnote 
on  p.  571.  Pure  sodium  cannot,  however,  be  obtained  when 
such  a  mixture  is  employed,  for  the  metal  must  always  contain 
at  least  a  small  proportion  of  potassium.  For  most  of  the 
practical  applications  of  sodium  the  presence  of  a  little  potassium 
in  the  metal  is  of  no  consequence ;  but  if  the  sodium  is  to  be 
used  for  reductions  in  aqueous  solutions,  it  must  not  be  forgotten 
that  the  addition  of  only  a  few  per  cent,  of  potassium  will  cause 
the  action  of  the  metal  upon  water  to  be  unduly  viqjient.  For 
such  purposes,  therefore,  a  purer  metal  is  required ;  and  this  may 
be  produced  from  a  readily  fusible  mixture  of  sodium  chloride, 
with  haloid  salts  of  strontium,  barium,  or  calcium.  But  the  use 
of  calcium  chloride  is  to  be  avoided,  because  this  salt  gives  rise 
to  the  formation  of  basic  salts  and  to  the  precipitation  of  feebly 
conducting  deposits  on  the  electrodes.  A  current  density  of 
5Q00  amperes  per  sq.  metre  [3*2  amp.  per  sq.  in.]  should  be 
arranged  for,  and  this,  under  the  conditions  of  the  experiment^ 
will  require  an  average  electromotive  force  of  about  10  volts. 

For  the  manufacture  of  sodium  in  bulk,  it  is  an  unfortunate 
circumstance  that  the  plant  at  present  available  can  only  be  of 
very  limited  size.  The  author  has  ^o;  infoifnation  as  to  the 
maximum  dimensions  hitherto  attained  with  the  Grabau  ap- 
paratus, but  states  that  the  size  of  his  own  plant  has  not  yet 
exceeded  twenty  times  that  of  the  actual  illustration  given 
(Fig.  36).  This  size  of  plant  has  been  adopted  in  an  installation, 
still  awaiting  completion,  for  the  production  of  4  cwt.  of  sodium 
per  day  of  24  hours. 

It  may  be  well  to  offer  some  suggestions  as  to  the  management 
of  an  installation  of  this  nature.  The  electrolytic  apparatus  is 
set  in  a  heating  chamber  in  the  manner  shown  in  Fig.  36  ;  and 
the  use  of  a  separate  combustion  chamber  is  just  as  much  to  be 
preferred  to  that  of  direct  firing  as  in  the  reduction  of  magnesium 
referred  to  in  a  previous  chapter.  It  is  true  that  the  expenditure 
of  fuel  is  greater  in  this  case  than  when  direct  firing  is  resorted 
to  j  but  as  very  little  external  heat  is  required  during  electrolysis, 
owing  to  the  high  intensity  of  the  electric  current  employed, 
and  as  in  direct  firing  a  considerable  loss  of  fuel  may 
result  from  an  accident  to  the  melting  vessel,  the  arrange- 
*  German  Patent  56,230;  [English  Patent  16,060,  1890.1 
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meat  recommended  is  considered  to  be  admissible.  A  burner 
for  powdered,  liquid,  or  gaseous  fuel  may  uf  course  be  substituted 
for  the  grate  indicated  in  the  drawing.  It  is  not  adriaable 
to  expose  the  decomposition  vessel  freely  to  the  furnace  gases, 
because  in  the  first  place,  the  anode  vessel  is  made  of  porcelain 
or  of  good  chamotte,  and  must  tfaerefore  be  carefully  protected 
from  sudden  changes  of  temperature.  But  in  tidaition  to 
this,  the  action  of  the  furnace  gases  on  the  outside,  and  that 
of  the  fused  salt  on  the  inside,  of  the  apparatus,  roust  not 
be  lost  sight  of;  for  even  the  most  close-grained  clay  vessel 
cannot  be  considered  as  absolutely  impermeable,  and  the 
formation  of  readily  fuaible  sodium  silicate,  from  the  reaction 
of  the  silica  of  the  porcelain  or  clay  with  sodium  chloride 
absorbed  from  within,  and  with  oxygen  taken  from  the  flame 


Fig.  36.— Borcbera'  sodiom- reduction  pluit. 

and  hot  gases  without,  would  rapidly  lead  to  the  destruction  of 
the  vessel.  The  decompoaition-vesael  is,  therefore,  mode  to  rest 
on  a  bridge,  and  the  anode  compartment  is  completely  enclosed 
in  a  narrow  brick  chamber  tilled  with  powdered  charcoal.  The 
manner  of  withdrawing  the  chlorine  is  sufficiently  indicated  in 
the  drawing. 

Disposition  of  Plant. — The  general  arrangement  adopted 
in  an  installation  may  not  appear  very  economical  in  respect 
of  electrical  conducting  wires,  but  in  view  of  the  necessity 
for  a  clear  space  around  each  separate  furnace  this  could 
scarcely  have  been  avoided.  The  annexed  scheme  (Fig.  37, 
Plate  L)  shows  the  arrangement  of  the  main  conductors,  L,  which 
consist  of  metal  rods.  Each  section  of  this  conductor  is  con- 
nected with  the  next  by  a  switch,  S.  From  the  points 
marked  P  conducting  wires  are  led  to  the  anodes,  and  &om 

0 
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those  marked  N  others  are  connected  to  the  cathodes  of  the 
electrolytic  apparatus.  The  switch,  S,  is  operated  in  order  to 
connect  up  any  vessel  with  the  dynamo  or  to  cut  the  apparatus 
out  of  the  circuit  again. 

Not  more  than  two  electrolytic  vessels  can  well  be  included 
in  one  block,  because  it  is  necessary  that  access  may  be  readily 
had  to  the  water-pipes  connected  with  the  cooling-rings  of  the 
apparatus ;  but  as  these  erections  do  not  stand  very  high  this 
is  no  serious  disadvantage  to  the  installation.  It  is  not  advis- 
able to  include  more  than  one  apparatus  in  a  single  heating 
chamber,  for  reasons  already  explained  in  connection  with  the 
reduction  of  magnesium. 

Attached  to  the  diagram  of  the  electrical  connections  on 
Plate  I.,  there  is  given  a  general  plan  of  the  disposition  of 
dynamo  and  gas-engine  installation,  the  whole  being  drawn  to 
the  scale  of  y^;  this  is  given  in  order  that,  at  least,  an 
approximate  estimate  may  be  formed  of  the  floor  space  required 
for  an  installation  arranged  on  the  basis  of  an  outturn  of  about 
2  cwts.  of  sodium  in  24  hours.  A  spare  dynamo  should  be  pro- 
vided in  addition  to  the  two  in  use,  of  which  each  produces  the 
current  for  one  row  of  furnaces ;  this  is  desirable  on  account  of 
the  danger  to  which  the  melting  apparatus  is  exposed  on  the  oo- 
casion  of  a  breakdown.  The  installation  is,  substantially,  no  more 
costly  if,  instead  of  the  three  dynamos  absorbing  50  H.P.  each, 
there  be  used  two  at  100  H.P.,  of  which  one  would  be  always  held 
in  reserve.  This  single  dynamo  could  then  be  coupled  directly  to 
the  gas  engine,  in  order  to  avoid  all  loss  of  power  through  belt- 
transmission.  For  the  rest,  the  sketch-plan  contains  all  the 
necessary  explanations.  The  switchboard  of  the  three  dynamos 
may  conveniently  be  placed  on  the  wall  of  the  engine-room; 
and  the  connections  are  so  arranged  that  each  dynamo  may  be 
connected,  at  will,  to  any  furnace.  For  the  sake  of  clearness 
the  connections  in  this  part  of  the  drawing  are  not  laid  down  to 
the  actual  working  scale. 

Cost  of  Eleotrolytio  Sodium-Extraction. — In  order  to 
reckon  the  cost  of  a  plant  adapted  to  the  manufacture  of 
about  2  cwts.  of  sodium  per  diem  the  following  figures  may 
be  taken. 

Under  favourable  circumstances,  the  electric  horse-power 
should  yield  2 '2  lbs.  of  sodium  in  24  hours.  Each  of  the  vessels 
shown  in  the  sketch  is  calculated  to  take  300  amperes,  and  affords 
10  lbs.  of  sodium  in  24  hours.  Thus  there  are  necessary  for  the 
installation : — 
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25  Deoompoaition-veMela,       .... 
Dynamos  to  furnish  100  electrical  H.P., 
Steam-engines  or  gas-engine  plant  with  a  produc 

tionofl20H.P 

Cost  of  building,  installation,  &c., .        •        • 


In  order  to  conduct  the  process  there  must  be  reckoned  for, 
daily : — 

7  cwts.  salt, 

3  tons  of  coal  for  production  of  the  motive  power, 

1  ton  of  coal  for  the  heating  of  the  apparatus, 

2  firemen, 

2  engineers, 

6  labourers 

Wear  of  melting  vessel, 

Interest  and  amortisation, 

2  cwts.  of  sodium  therefore  cost       • 

It  is  evident  that  the  price  of  sodium,  according  to  this  valua- 
tion, cannot  be  high  even  if  the  various  items  be  reckoned  at 
their  maximum  value.  At  the  present  level  of  prices  in  Germany 
(1896)  sodium  could  be  produced  at  from  2  to  3  marks  per 
kilogramme  [which  is  equivalent  to  lid.  to  Is.  4d.  per  Ib.l,  and 
this  is  cheap  as  compared  with  the  market  rate. 

The  prospect  of  sodium  being  used  in  the  manufacture  of 
aluminium  is  at  present  very  small;  but  in  addition  to  the 
older  and  well-known  applications  of  sodium  two  new  uses  for 
the  metal  have  lately  been  found,  viz.,  the  manufacture  of 
sodium  peroxide  and  of  potassium  cyanide,  f  The  former  is 
already  largely  employed  as  a  substitute  for  barium  and 
hydrogen  peroxides;  whilst  the  use  of  the  latter  has  been 
markedly  increasing  of  late  owing  to  the  demand  for  potassium 
cyanide  for  gold-extraction  processes.  Among  the  older  uses 
of  sodium  may  be  mentioned  the  production  of  chemically  pure 
sodium  hydroxide,  the  reduction  of  organic  substances  in  the 
aniline-colour  industry,  and  the  reduction  of  the  compounds  of 
the  rarer  or  more  difficultly-reducible  elements. 

SODIUM  ALLOYS^ 

Use  of  Sodium  Alloys. — The  difficulties  experienced  in  the 
manu£Etcture  of  pure  sodium  directed  the  attention  of  the  electro- 
metallurgist  to  the  production  of  alloys  which,  by  reason  of  the 
sodium  that  they  contain,  might  be  employed  as  a  substitute  for 

*[In  the  German  Edition  these  figures  are  ^ven  in  marks.  The 
original  prices  have  here  been  merely  calculated  mto  their  English  equi- 
valent, the  sovereign  being  reckoned  as  equal  to  20  marks. — Trans.] 

t  According  to  Erlenmeyer  a  cyanide  admirably  adapted  for  most 
technical  purposes  is  obtained  by  heating  potassium  ferrocyanide  with 
sodium  thus — 

K4FeCy«  +  Na^  a  Fe  +  (4KCy  +  2NaCy)« 
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the  pure  metal.  Of  such  alloys,  those  with  mercury  and  with 
lead  have  found  technical  application,  and  more  lately  the  use  of 
sodium  tin  alloys  has  been  suggested. 

The  use  of  mjercury  a^  a  cathode  in  electrolysing  compounds 
of  the  alkali  and  alkaline  earth  metals  is  a  device  that  was 
employed  by  Davy  at  the  beginning  of  this  century,  with  the 
object  of  preventing  the  difficultly  reducible  metal  from  re-dis- 
solving in  the  electrolyte.  But  in  spite  of  this,  amalgamation 
has  not  been  used  practically,  because  the  solubility  of  sodium 
in  mercury  is  very  slight  at  temperatures  below  the  solidifying 
point  of  the  resulting  amalgam.  But  now  that  the  atten£ion  of 
the  alkali  trade  has  been  turned  to  the  electrolytic  decompo- 
sition of  salt  solutions,  the  formation  of  sodium  and  potassium 
amalgams  finds  a  place  in  many  patents,  even  if  the  amalgam 
be  obtained  only  as  an  intermediate  product  which  is  to  be 
broken  up  immediately. 

Early  Apparatus  for  deoomposition  of  the  Alloys. — The 
first  patent  of  this  kind  was  applied  for  by  Atkins  and  Apple- 
garth  *  in  1891  in  Germany  [in  England  in  1890],  and  in  other 
countries ;  it  related  to  a  means  and  apparatus  for  the  production 
of  alkali-  and  alkaline-  earth-  metals  and  their  hydroxides.  The 
method  employed  consisted  in  the  use  of  a  cylindrical  metal 
cathode,  of  which  the  inner  surface  was  amalgamated  and  kept 
flooded  with  mercury  during  the  time  of  electrolysis.  But  the 
apparatus  was  so  designed  that  the  practical  fulfilment  of  this 
otherwise  excellent  idea  was  out  of  the  question. 

The  apparatus  (Fig.  38^,  patented  in  Norway  and  other 
countries  in  1892,  by  Sinaing-Larsen  f  for  the  production  of 
chlorine,  alkali-  metsd  amalgams,  and  caustic  alkali  showed  a 
substantial  improvement  on  the  previous  suggestion.  Here 
two  vessels,  A  and  B,  are  used;  of  these  B  is  open  at  the  bottom, 
but  is  sealed  during  the  electrolysis  by  the  mercury,  Q,  contained 
in  A.  Through  the  arched  cover  of  B  the  carbon  rod  C  is 
passed  into  the  interior  of  the  vessel,  where  it  serves  as  anode. 
The  tube  X  is  used  to  convey  the  saline  solution  to  the  vessel  B 
for  decomposition,  whilst  the  side  tube  of  B  carries  away  the 
chlorine  as  it  is  evolved,  together  with  any  excess  of  liquid. 
The  metal,  sodium  for  example,  is  taken  up  by  the  mercury 
employed  as  cathode.  If  the  amalgam  be  required  as  such,  the 
mercury  in  the  outer  vessel.  A,  must  be  covered  with  a  layer 
of  petroleum,  but  if  the  process  be  applied  to  the  production 
of  alkaline  hydroxides,  water  should  be  substituted  for  the 
petroleum.  According  to  the  specification  of  two  later  patents  | 
it  is  advisable  to  keep  the  mercury  in  motion. 

*  German  Patent  64,409 ;  [English  Patent  20,768,  Bee.  19,  1890]. 
t  Norwegian  Patent  2925  of  1892. 

t  ZeU8c}ir\/iJilr  Blektrotechnik  und  EUetrochemie,  1S94,  vol.  i.,  parts  13, 15. 
[E^gliah  Patents  14,910, 1893,  and  13,499,  1894]. 


Hermite  and  Dabose*  in  their  inventionB  have  proposed  to 
utilise  amalganiB  (but  in  au  unpractical  manner)  as  inteiv 
mediitries  in  the  manufacture  of  albali  compounda. 


Fig.  36. — Sinding-Laraan'B  electrolyte  oell. 

Castner'B  Caustic  Soda  Plant. — The  idea  which  forms  the 
basis   of   Sinding-lAFsen's    apparatus    has    been    perfected    hj 


Gastner  and  Kellner.      The  oldest  of  the   patents  granted  to 

these  inventors  is  that  taken  out  in  England  by  Castner,t  and 

*,QeniiBn^atent  fi7,S51.  t  Eoglilb  Patent  16,046,  1892. 
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illustrated  in  the  annexed  sketch ;  a  supplementary  patent  was 
granted  in  1893,*  and  the  process  is  now  worked  as  follows : — 
The  electrolyte  vessel  is  divided  by  two  partitions  into  three 
compartments,  which  are  all  in  direct  communication  when  the 
vessel  is  empty  by  means  of  wide  grooves  cut  in  the  floor  of 
the  apparatus  beneath  the  partitions.  The  bottom  of  the  vessel 
is  now  covered  with  a  thin  layer  of  mercury.  In  the  middle 
compartment  the  cathode,  consisting  of  metal  plates,  is 
immersed  in  water,  while  in  the  outer  compartments  carbon 
anodes  are  placed  in  a  solution  of  salt.  Since  the  partition 
waUs  are  made  impervious  to  liquids,  the  course  of  the 
electric  current  is  as  follows : — From  the  anode  it  flows 
through  the  saline  liquids  to  the  mercury  at  the  bottom  of  the 
outer  compartments,  so  that  this  forms  the  cathode;  it  is 
conducted  hence  through  the  sodium-mercury  amalgam  to  the 
middle  compartment,  where  the  amalgam  acts  as  anode  and 
allows  the  current  to  pass  through  the  water  to  the  sheet-metal 
cathode.  A  gentle  oscillating  movement  is  imparted  to  the 
whole  vessel  in  order  to  circulate  the  amalgam,  and  thus  to 
facilitate  the  removal,  in  the  central  compartment,  of  the  sodium 
taken  up  by  the  mercury  in  the  outer  divisions.  With  this 
object  in  view,  the  apparatus  is  supported  at  one  end  on  a  i*oller 
or  knife- edge  standing  upon  a  solid  foundation,  whilst  at  the 
other  end  it  rests  upon  an  eccentric  which  is  rotated  by 
means  of  shafting.  With  a  layer  of  mercury  |  in.  deep  on  the 
bottom  of  the  vessel,  the  vertical  motion  imparted  by  the 
eccentric  should  not  exceed  \  in.  above,  and  a  like  amount 
below,  the  horizontal. 

Later  Amalgam-forming  Prooesses. — The  same  principle 
has  been  applied  by  Kellner  t  in  several  forms  of  his  apparatus. 
He  fills  small  porous  cells  with  mercury,  and  covers  the  latter 
with  water.  The  cathodes  are  immersed  in  these  cells,  which 
stand  between  the  anodes  in  a  decomposition-vat  filled  with 
saline  solution. 

Although  of  later  date,  the  apparatus  of  Yautin,|  which  is 
based  upon  the  same  idea,  stands  so  far  behind  those  previously 
described  that  any  description  of  it  appears  to  bo  unnecessary. 

Important  as  the  processes  referred  to  may  prove  to  the  alkali 
trade,  they  have  little  or  no  interest  from  the  purely  metal- 
lurgical poiut  of  view.  Alkali  metals  will  never  be  produced  in 
this  manner;  and  the  resulting  amalgam  contains,  at  best,  so 
little  sodium  that  it  can  never  be  expected  to  play  any  other 
part  than  that  of  transporting  the  metal  from  the  anode  to  the 
cathode  cell  during  the  time  of  electrolysis. 

.    *  English  Patent  10,084,  1893,  and  German  Patent  77,064. 

t  German  Patent  70,007. 

:}:  German  Patent  73,304;  American  (U.S.A.)  Patent  513,661;  English 
Patent  2,267,  1803. 
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The  prod  action  of  the  alloys  of  sodium  with  lead  and  tin  is 
of  greater  metallurgical  interest.  Although  the  solubility  of 
sodium  in  these  metals  was  known,  it  was  not  until  the  year 
1889  that  an  account  of  the  first  successful  experiments  in  the 
production  of  such  alloys  was  published.  Rogers*  wrote  as 
follows  on  that  date: — "During  the  last  three  years  (1886-1889) 
I  have  experimented  on  the  reduction  of  sodium  chloride,  using 
molten  negative  electrodes,  and  especially  lead.  Lead,  tin, 
cadmium,  and  antimony  all  readily  alloy  with  sodium,  a  large 
part  of  which  can  be  recovered  from  the  alloys  by  distillation  in 
an  iron  crucible.  They  can  be  heated  to  a  higher  temperature 
than  pure  sodium  in  aid  crucibles  without  the  sodium  attacking 
the  crucible.  In  the  following  experiments  a  dynamo  machine 
was  used  to  supply  the  cuiTent.  In  one  experiment  a  current 
averaging  72  amperes  and  33  volts  was  passed  through  molten 
sodium  chloride  contained  in  two  crucibles  arranged  in  series 
for  two  hours.  Each  contained  30  lbs.  of  salts ;  in  the  first  was 
put  104  grms.  of  tin,  in  the  second  470  grms.  of  lead,  each  serving 
as  cathode,  connection  being  made  through  the  bottom  of  the 
crucible.  A  carbon  anode  passed  through  the  cover  and 
extended  to  within  3  in.  of  the  molten  cathode.  The  crucible 
containing  the  tin  was  nearer  the  fire,  and  consequently  hotter, 
and  had  an  average  potential  across  the  electrodes  of  12  volts, 
while  that  containing  the  lead  was  21  volts.  When  at  the  end 
of  two  hours  the  carbons  were  removed,  and  the  crucibles  cooled 
and  broken  open,  the  lead  was  found  to  contain  96  grms.  of 
sodium,  or  17  per  cent.  There  ^were  about  90  grms.  of  sodium 
found  in  the  tin  alloy,  or  between  45  and  50  per  cent." 

The  electromotive  force  used  was  unusually  high,  but  in  the 
absence  of  any  indications  in  the  paper  as  to  the  size  of  the 
apparatus,  it  is  not  possible  to  form  any  idea  of  the  current 
density  employed.  This  acccount,  however,  suffices  to  prove 
that  a  practical  method  for  the  electrolytic  production  of  lead- 
sodium  or  tin-sodium  alloys  had  thus  been  found.  In  another 
paper,  Bogers  t  expresses  himself  somewhat  optimistically  as  to 
the  consumption  of  power  in  the  extraction  of  sodium.  He 
expects  to  obtain  from  the  fused  chloride  5^  to  6|  lbs.  of  sodium 
per  RH.P.  per  24  houra  According  to  the  results  already 
described,  such  a  yield  is  scarcely  to  be  hoped  for ;  he,  however, 
adds  the  special  restriction,  ''  provided  the  apparatus  is 
sufficiently  durable  to  permit  uninterrupted  work  during  the 
time." 

Yautin  then  attempted  tosolve  the  difficulty  of  devising  suitable 
apparatus  which  had  thus  again  become  a  hindrance  to  progress. 

*  Proceedings  of  the   Wisemmn  Nat.   Hist,  Soc,   1889  (from  Richards' 
Aluminium), 
f  Journal  of  the  Franklin  Inst.,  1839,  vol.  cxxviii.,  p.  486. 
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His  first  patents"  do  not  call  for  mention,  but  his  latest  speci- 
ficationt  must  be  referred  to,  because  it  describes  as  new  an 
apparatuB^  which  bad  been  patented  in  England  so  far  back  as 
1844.     Napier,  who   was   the  original   inventor,    proposed  to 
sepirate   metals   from   fused   substances,    using    as    cathode  a 
crucible  of  some  conducting  material,  which  was  coated  with  » 
non-conductor  (slag)  internally  down  to  the  bottom.     This  de- 
scription  accurately  describ^   the   latest    form    of   apparatus 
described  bj  Vautin,  and  illustrated  in  Fig.  40.    But  apwet  &om 
the  absence  of  any  originality   ia 
Vautin's  arrangement,  this  "new" 
apparatus,  as  it   is   termed   in  the 
patent  specification,  cannot  be  dur- 
able   in    character.      There    is    no 
material  known  that  could  survive 
continuous  use,  even  for  a  few  days, 
as  an  insulator  in   contact  with  a 
portion  of  the  surface  of  an  externally 
tired    vessel,   the  vessel   being  em- 
ployed as  cathode  in  a  fused  mix- 
ture of  the  haloid  salts  of  the  alkali-, 
earth-,  or  alkaline-earth-metala.      It 
may    be    argued    that    the    linin im- 
material (magnesia)  used  by  Vautin 
Fig.  40.— Vftutin'a  IB  cheap  ;  but  even  if  it  cost  nothing 

apparatas.  it  would  still  have  to  be  rejected, 

because  it  is  worthless  for  use  in  any 
continuous  operation,  and  continuity  is  essential  to  the  profit- 
able application  of  heat-  or  electric-energy. 

lit^Borahers'  Plant  for  Sodium  Alloys. — The  earliest  appar- 
atus which  the  author  has  successfully  applied  to  the  production 
of  asodium-lead,orother  readily  fusible,  alloy,  is  shown  in  Fig.  41. 
The  iron  melting- vessel,  E,  consists  of  a  short  cylinder  termin- 
ating in  a  hollow  cone  below.  The  inner  wall  of  the  conical 
portion  is  provided  with  projections,  which  form  terraced 
grooves,  one  above  another.  The  uppermost  (and  deepest) 
groove  serves  for  the  reception  and  melting  of  the  load, 
which  is  introduced  into  the  apparatus  through  one  or  more 
funnels.  The  remaining  grooves  are  intended  to  intercept  the 
lead  which  flows  over  them,  so  as  to  renew  its  surface  as 
often  as  possible,  and  to  enable  it  to  take  up  a  greater  proportion 
of  sodium.  For  the  electrolyte,  one  of  the  mixtures  of  salts 
already  given  may  be  used  in  the  melted  condition.  The  carbon 
anodes.  A,  with  their  tube-shaped  porcelain  shields,  0,  are  hung 

•  English  Patent  13,608,  1893.     (Cf.  ZeiUchrift   fUr  SUklroltchnii  tmd 
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from  tlie  fireclay  cover,  D.  As  in  the  anRlogouB  apparatus 
described  previously,  the  carbon  rods  are  supported  on  the 
covers^  d,  hj  the  clamps,  T,  which  also  serve  to  make  the  neces- 
sary electrical  connections  with  the  positive  leads,  F  ;  the  retnrn 
lends,  N,  hcing  connected  up  with  the  crucible  itself!  The 
tubes,  B,  carry  off  the  chlorine  generated  during  electrolysis, 
and  the  melted  alloy  which  accumulates  in  the  bottom  of  the 
cone  overflows  by  the  pipe,  X.  The  loss  of  salt  which  is  decom- 
posed during  the  progress  of  the  operation  must,  of  course,  be 


Kig;  4L. — Borchon'  apparatus  for  the  prodnotion  of  sodiani  alloys. 

made  good.  In  order  to  fuse  the  charge,  and  to  keep  it  in  a 
fluid  condition,  the  crucible  is  suspended  by  the  flange,  F,  in  a 
heating- cba.mber  whicL,  in  the  form  here  shown,  has  been,  found 
to  be  economical  of  fuel.  A  system  of  side-firing  is  adopted ; 
the  heated  products  of  combustion  entering  through  the  flue,  H, 
pass  into  the  heating-ch&mber,  and,  being  deflected  upwards 
by  the  circular  fireclay  baffle,  W,  return  through  the  annular 
space  between  W  and  the  furnace  walls,  M,  finding  an  exit  by 
the  flue,  Z.  In  order  to  catch  any  matter  that  may  leak  from  a 
defective  pot,  a  collecting  channel,  S,  is  built  in  front  of  the  fire- 
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bridge,  and  from  tbis  the  material  umj  be  run  off  at  will.  For 
Bmall  esperimeatal  mstallationB,  a  Fletcber's  gas  burner  ma; 
be  employed. 

This  apparatus  bas  since  been  improved  b;  the  removal  of  tbe 
porcelain  tubes,  which  are  very  liable  to  breakage  and  other 
damage.  With  this  object  the  upper  part  of  the  melting  vessel 
has  been  raised  and  surrounded  with  a  cooliag  ring  (Big.  42). 
The  inner  wall  of  the  vessel  thus  becomes  covered  with  a 
la^er  of  solidified  salt,  which  protects  it  from  the  action  of 
the  ohlnrine  evolved  on  the  surface  of  the  carbon  electrode. 


tig.  42. — Boichan'  improved  apparatDS  far  the  prodnctJMi  of  ■odium  allojs. 

The  lead  may  be  introduced  int«  the  uppermost  groove  of  the 
alloying  vessel,  either  after  the  manner  formerly  described  or 
(as  here)  from  a  separate  melting  pot,  £,  placed  above  the  firing- 
chamber.  The  alloying  cone  is  connected  by  a  pipe,  leading 
from  the  bottom,  to  a  side  reservoir,  B,  which  is  lieated  by  the 
waste  fine  gases.  Hence  the  alloy  may  be  removed  for  use  or 
for  test,  as  desired.  The  anode  may  be  made  either  of  one  thick 
carbon  rod,  or  of  several  smaller  rods. 

Fig.   42  shows  the  arrangement  of  masonry   recommended 
for  Wge  installations.     A  plant  of  this  kind,  fifteen  times  the 
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actual  size  of  the  above  illustration,  is  adapted  to  a  current 
of  300  amperes,  which  corresponds  to  a  current-density  of  about 
6000  amperes  per  sq.  metre  [3*2  amp.  per  sq.  in.]  of  cathode 
surface.  The  electromotive  force  required  may  be  only  6  to  8 
volts,  which  is  considerably  less  than  that  needed  for  the  reduc- 
tion of  sodium  in  the  unalloyed  condition.  Hence  the  cost  of 
producing  each  unit  of  sodium  may  be  markedly  reduced,  more 
especially  as  the  apparatus  used  for  the  production  of  the  alloy 
is  both  cheaper  and  more  durable  than  that  employed  in  the 
extraction  of  pure  sodium. 

If  a  lead  alloy  containing  not  more  than  10  per  cent  of  sodium 
be  required,  the  electromotive  force  during  the  whole  process 
need  never  exceed  8  volts.  An  estimate  of  the  cost  of  produc- 
tion may  be  made,  similar  to  that  given  on  p.  67,  by 
substituting  a  yield  of  3  cwts.  of  sodium,  and  a  consumption 
of  9  cwts.  of  salt  for  the  corresponding  entries  in  the  previous 
table,  and  by  reducing  the  cost  of  each  apparatus  to  about 
one- third.  Other  easily  fusible  metals  may  be  used  in  place 
of  lead;  and  the  application  of  the  alloys  are  practically  the 
same  as  those  of  sodium.  Lead,  especially,  seldom  interferes 
with  the  reactions  for  which  the  sodium  is  required,  but,  on 
the  other  hand,  it  frequently  checks  the  superabundant  energy 
of  the  latter  metal. 


CHAPTER  V. 
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Properties  of  the  Metal. — Potassium  (K ;  atomic  weight  »  39, 
specific  g^vity  =  0*865)  is  like  sodium,  in  that  it  is  white  and 
lustrous  when  freshly  cut,  but  it  is  softer  than  that  metal,  and 
both  its  fusing  point  and  its  boiling  point  are  lower.  It  fuses 
at  62*  C,  and  vaporises  between  700*  and  750*  0.,  the  vapour 
having  a  green  colour. 

Its  chemical  properties  closely  resemble  those  of  sodium,  but 
it  is  usually  more  violent  in  its  action,  and  this  is  especially  the 
case  in  its  reaction  with  water. 

Ooourrenoe  in  Kature. — In  nature  it  is  found  only  in  the 
form  of  salts ;  as  halogen  salts,  in  sylvite,  KCl,  and  camallite, 
KCl.MgCl2.6H2O;  as  sulphates,  in  the  alums,  E2S04.A]2(S04)3. 
24H2O ;  as  silicate,  in  the  felspars,  K2A]2(SiO.)2,  and  in  mica  and 
numerous  other  minerals  and  products  of  weathered  minerals.  It 
appears  to  play  an  important  part  in  the  life  processes  of  plants 
and  animals ;  and  both  vegetable  and  animal  residues,  such  as 
wood-ashes,  the  ashes  of  beet-molasses,  and  the  suint  from  wool- 
washing  are  valuable  raw  materials  in  the  potash  industry. 
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Extraction  Processes. — So  also,  in  the  same  way,  the 
methods  of  extracting  this  metal  are  quite  analogous  to  those 
in  use  in  sodium  manufacture,  and  it  may  therefore  suffice  to  refer 
to  almost  everything  that  has  been  written  in  the  preceding 
chapter.  It  should  be  mentioned,  however,  that  in  the  direct 
reduction  of  potassium  carbonate  or  hydroxide  by  carbonaceous 
material,  a  black  porous  compound  of  potassium  with  carbonic 
oxide  is  often  found  in  the  retorts  and  receivers,  and  this,  by 
reason  of  its  instability  has  been  known  to  cause  serious 
explosions. 

In  the  absence  of  sodium,  lithium,  and  magnesium  salts,  the 
electrolytic  extraction  of  the  metal  is  effected  under  almost 
identical  conditions  with  those  observed  for  sodium,  but  the  bath 
employed  consists  of  a  mixture  of  the  haloid  salt  of  potassium 
with  that  of  an  alkaline  earth  metal.  It  will  suffice,  therefore, 
to  refer  to  a  few  methods  especially  proposed  for  the  extraction 
of  potassium. 

Matthiessen's  observation*  that  potassium  alone  resulted  from 
the  electrolysis  of  a  mixture  of  calcium  and  potassium  chlorides 
was  interesting ;  but  the  advantages  obtained  from  the  reduction 
in  the  fusing  point  of  potassium  chloride  by  the  addition  of  the 
calcium  salt  are  more  than  balanced  by  the  difficulties  which 
always  accompany  the  electrolysis  of  mixtures  containing  calcium 
chloride. 

Linnemann's  methodf  depends  upon  the  decomposition  of 
cyanides.  The  current  passes  from  a  carbon  plate  to  a  pointed 
carbon  rod  immersed  in  potassium  cyanide,  which  is  kept  melted 
in  a  crucible.  If  the  temperature  be  so  controlled  that  the 
upper  surface  of  the  bath  remains  solid,  the  separated  potassium 
will  accumulate  under  the  crust.  The  high  cost  of  the  raw 
material,  however,  renders  unnecessary  any  remarks  upon  the 
practical  utility  of  the  process. 

All  other  processes  are  already  described  under  <'  sodium,"  and 
reference  may  be  made  to  them  in  that  chapter. 

Uses  of  Potassium. — On  account  of  the  considerable  violence 
of  its  reactions,  the  hitherto  dangerous  method  of  production, 
and  the  high  price  of  potassium  salts,  the  applications  of  potassium 
have  remained  so  insignificant  that  there  is  practically  nothing 
to  be  written  concerning  its  use  industrially. 

*  Liebig^s  Ann,f  1855,  voL  xciii,  p.  277. 

t  Joum,  furprakl,  Chem.,  1848,  vol.  Ixxiii,  p.  415. 
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THIRD   GROUP. 


CHAPTER    VI. 

CALCIUM,    STRONTIUM,    BARIUM. 

Properties  of  the  Metals  of  the  Third  Group. — The  three 
metals  of  this  group  show  the  greatest  similarity  in  all 
properties,  and  therefore  also  in  the  methods  available  for  their 
reduction. 


MetaL 

SyxnboL 

Atomic 
Weight. 

Specific 
Gravity. 

Colour. 

Fusing  Point. 

Calcium,  . 
Strontium, 
Barium,    . 

Ca 
Sr 
Ba 

40 

87 

137 

1-6 
2-5 
3  75 

Yellow, 

SOOMOOO"  C. 
1000"-1200'. 
over  1200*. 

Their  chemical  characteristics  are  essentially  those  of  the 
alkali  metals.  They  oxidise  and  take  fire  in  the  air  very 
readily,  and  with  a  great  evolution  of  heat,  and  they  show  also 
a  strong  tendency  to  combine  with  the  metalloids.  Water  is  de- 
composed by  them  at  ordinary  temperatures  with  the  formation 
of  the  corresponding  hydroxides.  Like  the  alkali  metals  they 
reduce  most  oxides,  including  even  those  of  some  metalloids — 
e.g,y  CO2 ,  SiOj ,  B^Og.  They  precipitate  the  contained  metal 
from  most  salts  by  simple  exchange ;  and,  since  they  decompose 
water  so  readily,  it  is  obvious  that  they  must  be  energetically 
attacked  by  acids. 

Oocurrence  of  CalciTim,  Barium,  and  Strontium  in 
Nature.— V The  chemical  properties  of  these  metals  are  such 
that  only  their  salts  are  found  in  nature.  Among  haloid  salts 
the  principal  is  finer  spar,  CaFj;  all  three  metals  commonly 
occur  as  sulphates:  calcium,  in  gypsum,  CaS04  +  2H»0,  and 
anhydrite,  CaSO^ ;  strontium,  in  celestite,  SrS04 ;  and  harium, 
in  heavy  spar,  BaSO^ ;  they  are  often  met  with  as  carbonates : 
in  calc  spar,  marble,  chalk,  and  limestone,  CaCOg;  in  strontianite, 
SrCOg ;  and  in  witherite,  BaCOg ;  and,  finally,  they  may  all  be 
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found  as  phosphates,  borates*  and  silicates,  bat  in  these  caloium 
occurs  the  most  abundantly. 

Extraotion  of  the  Metals. — ^The  separation  of  the  three 
metals  of  the  alkaline  earths  from  their  oxides  or  halogen 
salts,  is  attended  with  very  great  difficulty  as  compared  with 
that  of  the  alkali  metals  ;  and,  in  spite  of  some  patents  recently 
taken  out,  it  is  only  practicable  on  a  relatively  quite  small  scale. 
Davy  *  was  the  first  to  accomplish  the  electrolytic  decomposition 
of  the  alkaline  earths.  He  formed  the  moistened  hydroxide, 
either  alone  or  mixed  with  mercuric  oxide,  into  the  shape  of  a 
small  cup,  rested  this  on  platinum  foil,  which  served  also  as  the 
positive  pole,  and  then  poured  mercury  into  the  hollow  cup  of 
hydroxide,  and  made  this  the  negative  pole.  An  amalgam 
was  thus  produced,  from  which  the  mercury  could  be  expelled 
by  heat.  According  to  subsequent  investigations,  it  would 
seem  that  Davy  did  not  produce  a  perfectly  pure  metal,  free 
firom  mercury  and  silicon.  Bunsen  and  Matthiessen,  by  the 
decomposition  of  the  chlorides,  were  the  first  to  prepare  the 
alkaline  earth  metals  in  the  pure  condition.  For  a  long  time, 
fruitless  attempts  were  made  in  Bunsen's  laboratory  to  elec- 
trolyse the  chlorides  of  these  metals  in  the  apparatus  which 
had  given  such  good  results  in  the  extraction  of  magnesium; 
and  these  experiments  were  continued  until,  in  the  course  of 
his  researches  on  metallic  chromium  in  1854,  Bunsen  discovered 
the  cause  of  his  previous  failures.  He  at  that  time  published 
the  following  noteworthy  observation,t  which  has  since  con- 
ditioned the  success  of  a  large  number  of  electrolytic  decom- 
position : — 

^  The  density  of  the  current  used  for  electrolysis — that  is,  the 
relation  of  current  volume  to  electrode  area — exerts  a  most  impor- 
tant influence  on  its  chemical  effects.  The  power  of  the  current 
to  overcome  (chemical)  affinities  increases  with  this  density. 
Of  no  less  importance  is  the  relative  mass  of  the 
constituents  of  the  electrolyte  through  which  the  current 
passes.'* 

In  the  same  treatise,  Bunsen  showed  that  by  using  a  sufficient 
current  density  it  is  even  possible  to  separate  calcium  and 
barium  from  boiling  concentrated  solutions  of  their  chlorides, 
acidified  with  hydrochloric  acid.  As  negative  pole,  he  used  an 
amalgamated  platinum  wire  immersed  in  the  mass  under  treat- 
ment. The  latter  was  placed  in  a  clay  cell,  around  which  stood 
a  carbon  crucible,  partly  filled  with  hydrochloric  acid,  and  set 
within  a  porcelain  crucible,  the  whole  arrangement  being  heated 
in  a  water  bath.  The  carbon  crucible  was  used  both  as  anode 
and  as  electrolyte  cell.  Great  difficulty  was  experienced  in 
the  electrolysis  of  caloium  chloride  by  this  method,  becausei 

*  PkiL  TroM,,  London,  1808,  p.  335. 
iPogg,  Ann,,  1854,  voL  xoi.,  p.  619. 
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even  after  a  few  minutes,  the  electrode  became  coyered  with 
a  crust  of  lime  which  interrupted  the  current.  It  was,  therefore, 
necessary  to  lift  out  the  platinum  wire,  remove  the  rapidly- 
dried  coating  of  amalgam,  and  then  re-amalgaraate  it.  Barium 
amalgam  may  readily  be  obtained  in  quantities  of  about  15 
grains  by  using  crystallised  barium  chloride,  made  into  a  paste 
with  weak  hydrochloric  acid,  at  a  temperature  of  100*  0.  For 
these  experiments  a  current  density  of  about  1  ampere  per  sq. 
mm.  [645  amperes  per  sq.  in.]  of  cathode  surface  is  necessary. 

Matthiessen's  Ezperiments. — As  a  result  of  these  experi- 
ments, Matthiessen,*  working  in  Bunsen's  laboratory  in  the 
year  1855,  obtained  the  metals  of  the  alkaline  earths  in  the 
pure  condition  by  the  direct  treatment  of  the  fused  chlorides. 
He  writes  that :  ^*  Although  the  reduction  is  easy,  it  is  difficult 
to  obtain  the  reduced  metal  in  coherent  masses,  and  to  separate 
it  from  the  fused  substance.  The  deposited  metals  for  the  most 
part  rise  to  the  surface,  by  virtue  of  their  low  specific  gravity, 
before  they  have  grown  to  globules  of  appreciable  size;  and  there 
they  bum  so  quickly  that  it  is  almost  impossible  to  collect  them. 
If  the  end  of  the  electrode  be  provided  with  a  bell-shaped  attach- 
ment of  glass  or  burnt  clay,  in  order  to  collect  the  metal,  the  latter 
reduces  a  small  quantity  of  silicon,  which  separates  in  the  form 
of  a  black  powder,  and  prevents  the  metal  from  uniting  into  a 
regulus." 

He  proposed  three  methods  of  overcoming  this  difficulty. 
The  first  method,  by  which,  however,  only  a  very  impure  metal, 
or  rather  an  alloy,  is  obtained,  consists  in  the  use  of  a  platinum 
wire  as  the  negative  pole.  The  alkaline  earth  metal  thus 
becomes  alloyed  with  platinum,  and  so  acquires  a  specific 
gravity  sufficiently  high  to  enable  it  to  sink  through  the  fused 
chloride.  Afler  cooling  and  breaking  up  the  mass  the  metal  is 
obtained  in  the  form  of  large  grains. 

A  second  plan  is  to  melt  together  two  chlorides  in  simple 
molecular  proportions,  by  which  means  a  double  chloride  is 
produced  of  so  fusible  a  nature  that  easily  vaporised  metals, 
like  potassium  or  sodium,  may  be  separated  in  it  without 
volatilising.  A  porcelain  crucible  is  used  for  the  experiment, 
and  if  the  temperature  be  so  regulated  that  a  solidified  film 
forms  on  the  upper  surface  of  the  mass  around  the  negative  pole, 
this  film,  on  cooling,  will  be  found  laden  with  metallic  grains, 
which  may  be  readily  separated  from  the  surrounding  material 
by  crashing  the  whole  of  the  cooled  contents  of  the  crucible 
under  petroleum  in  a  mortar.  The  metal  will  be  visible  in  the 
shape  of  small  plates  or  laminie  amid  the  pulverised  mass. 

The  third  way  is  based  on  the  separation  of  the  metal 
immediately  beneath  the  surface  of  the  melted  chloride  by  an 
electrode  consisting  of  a  pointed  iron  wire,  which  servos  to 

*Lieb%g*$  Ann,,  1855,  vol.  xciii.,  p.  277. 
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remove  the  metal  floating  on  the  upper  surface  as  well  as  that 
clinging  bj  adhesion  to  the  point  of  the  iron  wire.  By  this 
method  the  liberated  metal  is  sufficiently  protected  from  oxida- 
tion by  a  thin  varnish-like  film  of  molten  chloride  to  enable  the 
particles  to  increase  to  the  size  of  mustard  seed. 

Extraction  of  Calcium. — The  following  method  of  reduction 
is  exceedingly  uncertain  in  operation ;  but  when  successful  it  is 
capable  of  yielding  fragments  of  calcium  somewhat  larger  than  a 
pea.  A  mixture  of  two  molecular  weights  of  calcium  chloride 
with  one  equivalent  of  strontium  chloride,  and  with  sal- 
ammoniac,  is  melted  in  a  Hessian  crucible  until  the  last-named 
constituent  has  volatilised ;  an  iron  cylinder,  to  be  used  as  the 
positive  pole,  is  then  placed  in  the  melted  salt  mixture,  and 
within  this  is  immersed  a  narrow  clay  cell,  about  4  inches 
long,  previously  heated  to  a  red-heat.  The  clay  cylinder  is  filled 
with  the  same  fused  mixture  of  salt,  and  serves  for  the  recep* 
tion  of  the  negative  pole,  which  may  be  either  an  iron  wire  of 
about  the  thickness  of  a  knitting-needle  or  a  carbon  rod.  If  it 
be  arranged  that  the  level  of  the  fused  chlorides  in  the  clay 
cell  is  about  ^  to  1  in.  higher  than  that  of  the  liquid  in  the 
crucible,  the  neating  may,  with  ease,  be  so  regulated  that  a 
solid  crust  forms  only  on  the  surface  of  the  liquid  in  the  cell ; 
and  the  metal  will  then  collect  beneath  the  crust  without  coming 
at  all  in  contact  with  the  walls  of  the  cell.  With  the  current 
from  six  zinc-carbon  elements,  such  as  Matthiessen  used  in  nearly 
all  his  experiments,  a  large  quantity  of  reduced  calcium  may  be 
obtained  after  the  space  of  from  half  an  hour  to  an  hour.  Only 
once,  however,  were  a  couple  of  pieces,  which  had  been  fused  to 
the  size  of  a  pea,  obtained  by  this  process ;  and  almost  always  the 
metal  was  found  to  be  distributed  in  the  form  of  a  fine  powder 
in  separate  parts  of  the  cooled  and  crushed  slag. 

Calcium  may  be  obtained  in  small  molten  globules  more 
simply  and  with  greater  certainty  by  fusing  the  mixture  in  a 
small  porcelain  crucible  heated,  as  in  igniting  precipitates,  over 
a  spirit-lamp  or  between  lumps  of  charcoal,  and  then  passing  the 
current  through  the  electrolyte  from  a  carbon  electrode,  which 
should  be  as  large  as  possible,  to  a  fragment  of  pianoforte  wire 
only  two  lines  long,  which  is  connected  to  the  negative  pole  by 
a  stouter  wire  reaching  as  far  as  the  upper  surface  of  the  liquid. 
A  crust  of  solidified  salt  should  be  allowed  to  form  upon  the 
surface  around  this  wire,  which  may  be  removed  from  time  to 
time  (at  intervals  of  three  minutes)  in  order  that  the  crust  and 
metal  may  be  detached  in  a  mortar. 

The  metal  may  be  reduced  in  a  similar  way  by  so  stirring  the 
upper  surface  of  the  melted  chlorides  with  the  point  of  the  wire 
for  from  1  to  2  minutes,  that  a  glow,  produced  by  the  current 
itself,  is  observed  around  the  point.  Or  the  point  of  the  wire 
may,  at  intervals,  be  first  dipped  into  the  liquid  and  then  raised 
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until  a  small  electric  arc  is  observed  at  the  surface ;  this  will 
cause  alternations  of  cooling  and  strong  heating,  which  should 
effect  the  fusion  of  the  metal  that  has  been  deposited  in 
pulverulent  form. 

Calcium  is  not  reduced  from  its  chlorine  compound  by  sodium 
or  potassium.  By  fusing  together  one  molecular  weight  of 
calcium  chloride  and  two  of  sodium  chloride,  or  equal  molecular 
weights  of  calcium  and  potassium  chlorides  and  sal-ammoniac, 
a  double  chloride  is  obtained,  which  melts  at  a  temperature 
below  the  boiling  point  of  either  sodium  or  potassium.  If  such 
a  [sodium]  mixture  be  electrolysed  at  a  bright  red  heat  with  a 
carbon  anode  and  a  pointed  iron- wire  cathode,  a  number  of 
comparatively  large  globules  of  sodium  will  be  seen  to  form  at 
the  end  of  the  wire  (which  should  only  just  dip  into  the  liquid) 
and  to  rise  to  the  surface,  where  they  will  slowly  circulate  and 
burn.  If  such  a  globule  can  be  removed  from  the  bath,  it  will 
be  found  to  contain  scarcely  a  trace  of  calcium. 

Matthiessen  was  of  opinion  that  if  it  could  be  arranged  to 
heat  the  under  part  of  the  crucible  containing  the  mixture 
2CaCl2+SrC]2  to  a  very  high  temperature,  without  fusing  the 
crust  on  the  8ui*face,  the  calcium  might  be  melted  to  a  regulus 
below,  and  this  process  would  then  be  preferable  to  any  other. 
These  conditions  of  irregular  heating  are  easily  fulfilled  by  using 
a  crucible  of  the  form  recommended  for  the  extraction  of  mag- 
nesium (p.  27),  but  the  fusion  of  the  calcium  to  a  regulus  has 
not  yet  been  accomplished  in  this  way. 

Extraction  of  Strontinxn. — According  to  Matthiessen's 
accounts^  the  production  of  strontium  appears  to  be  less 
difficult.  A  small  crucible  and  a  clay  cell  placed  within  it  are 
filled  with  anhydrous  strontium  chloride  mixed  with  a  little  sal- 
ammoniac,  so  that  the  surface  of  the  fused  mass  in  the  cell  may 
stand  at  a  higher  level  than  that  in  the  crucible.  The  clay 
cell  is  surrounded  by  a  cylinder  of  iron  which  serves  as  the 
positive  pole,  and  into  the  cell  is  dipped  a  short  and  very  thin 
piece  of  iron  wire;  the  latter  is  fastened  to  a  thicker  wire 
which  is  enclosed  in  a  pipe-clay  tube,  reaching  as  far  as  the 
projecting  piece  of  thin  wire  beneath.  If  the  temperature  be  so 
regulated  that  the  mass  in  the  cell  is  covered  with  a  crust  of 
solidified  material,  the  strontium  will  collect  under  the  crust 
(and  without  touching  the  side  walls)  in  fragments  that  may 
weigh  as  much  as  7  or  8  grains.  Barium,  however,  can  be 
obtained  only  as  a  fine  powder  by  a  process  analogous  to  this. 
The  statement  in  Gmelin-Kraut's  IJandbuch  der  anorganiachen 
Chemiei  that  Matthiessen  had  obtained  metallic  barium  in 
globules  the  size  of  mustard  seed,  adhering  to  an  iron  electrode 

*  LAebig-Kopp's  JahreabericlU,  1855,  p.  323 ;  and  Quart,  Joum.  Chem, 
Society,  1856,  voL  viii.,  p.  107. 
fBandbuch  der  anorganischen  Chemie,  vol.  ii.,  p.  255  (Ed.  1886). 
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by  the  electrolysis  of  fused  barium  chloride,  is  founded  on  an 
error.  The  sources  of  information*  quoted  contain  no  such 
statement. 

Hiller  recommends  the  apparatus  described  in  the  chapter  on 
lithium  (p.  35)  as  specially  suitable  for  strontium  reduction. 
Nevertheless,  satisfactory  as  it  has  shown  itself  to  be  for  lithium, 
it  is  useless  for  the  production  of  strontium  in  pieces  of  appreci- 
able size.  In  most  cases  it  will  be  found,  on  breaking  the 
crucible,  that  by  far  the  greatest  part  of  the  metal  separated 
at  the  negative  pole  has  sunk  to  the  bottom,  and  that  it  has 
there  reduced  the  walls  of  the  crucible  to  silicon  and  aluminium, 
or  even  that  it  has  become  re-oxidised  at  the  positive  electrode 
owing  to  its  having  been  carried  forward  by  the  circulation  of 
the  liquid  caused  by  the  necessarily  high  current-density  used. 

The  method  originated  by  A.  Feldman  t  must  be  regarded  as 
retrograde.  He  proposes  either  to  mix  the  single  or  double 
haloid  salts  of  the  alkali-  or  alkaline  earth  metals  with  the  oxide 
of  a  more  electro-positive  metal,  or  else  to  melt  the  oxide  oi  the 
metal  that  it  is  desired  to  obtain  with  the  haloid  salts  of  one  (or 
of  several)  more  electro-positive  metals,  and  then  to  decompose 
the  fused  mixture  by  means  of  the  current.  The  metal  to  be 
deposited  should  be  present  in  the  electrolyte  either  as  oxide 
alone,  or  as  haloid  salt  alone,  but  not  simultaneously  in  both 
forms.  A  sufficient  explanation  has  been  given  of  the  disadvan- 
tages resulting  from  the  presence  of  oxides  in  applying  the 
methods  which  have  hitherto  been  described  for  the  electrolysis 
of  the  fused  haloid  salts  of  alkali  or  alkaline  earth  metals ;  and 
there  is  consequently  no  need  to  re-state  the  case  as  against 
Feldman' s  process. 

Extraction  on  a  Commercial  Scale. — It  will  be  gathered 
from  the  previous  pages  that  there  is  no  more  difficult  problem 
in  practical  electro-metallurgy  than  the  reduction  of  calcium, 
strontium,  and  barium  on  a  large  scale.  Yet,  on  the  other  hand, 
almost  all  the  conditions  that  must  be  observed  in  the  solution 
of  this  problem  may  be  learned  from  the  writings  of  Bunsen  and 
Matthiessen,  by  whom  they  were  clearly  enunciated.  There  are 
necessary : — 

1.  A  high  current  densiW  (500,000  to  1,000,000  amperes  per  sq.  metre 
[323  to  645  amp.  per  sq.  in.]). 

2.  A  high  temperature  at  the  cathode. 

3.  A  low  temperature  for  the  electrolyte. 

The  first  and  second  requirements  may  very  easily  be  brought 
into  agreement,  but  not  so  the  second  and  third.  Yet  it  is 
necessary   that  they  shall   be   fulfilled,   for  the  metal   under 

*Liebig*8  Ann,  1855,  vol.  xcili.,  p.   277;    and  Liehig-Kopp's  JaJires- 
bericht,  1855,  p.  320. 
t  German  Patent  50,370.    [Eng.  Patent  9783,  July  5,  1888]. 
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deposition  must  at  once  be  united  into  masses  of  considerable 
size;  finely  divided  metal  is  very  liable  to  form  sub-chlorides, 
and  so,  passing  into  the  melt  again,  to  be  burned  at  the  anode ; 
a  high  temperature  and  a  rapid  separation  of  large  quantities 
of  metal  at  the  cathode  are   indispensable,  and,  as  already 
explained,  both  these  conditions  may  be  fulfilled  by  applying  a 
high  current  density  at  the  cathode.     But  at  the  same  time — 
and   herein    lies  the    secret   of    the    technical   difficulty — the 
electrolyte  in  the  immediate  vicinity  of  the  cathode  must  be 
kept  at  the  lowest  possible  temperature,  or  else  the  haloid  com- 
pound  will  redissolve   even  large  globules  of  metal,  and  so 
convey  the  metal  to  the  anode  [as  the  hypothetical  sub-chloride]. 
The  destructive  influence  of  fused  and  highly-heated  alkaline 
earth  salts  upon  all  materials  that  may  be  employed   in  the 
construction  of  containing- vessels  needs  no  comment.     Without 
having  to  read  much  between  the  lines,  it  is  possible  to  find  all 
the  necessary  suggestions  upon  these  points  in  the  writings  of 
Bunsen  and  Matthiessen,  to  which  reference  has  been  made  so 
frequently.     The  very  thin  iron  cathode  wire,  dipping  only  just 
beneath   the  surface   of  the  electrolyte,  must  of  necessity  be 
strongly  heated  by  any  current  of  high  density — and  in  this 
way  the  second  of  the  above  requirements  is  fulfilled.     On  the 
other   hand,  it   has   frequently   been  insisted   upon  that  the 
bulk  of  the  electrolyte  should  be  maintained  at  a  temperature 
so  low  that,  if  possible,  a  solid  crust  may  be  formed  on  the  upper 
surface.     The  form  of  the  experimental  apparatus  described  in 
the  original  papers,  as  well  as  the  whole  method  of  applying 
it,  completely  excludes  the  possibility  of  using  such   a  plant 
for  a  profitable  installation  on  the  large  scale,  as,  indeed,  the 
authors  themselves  admitted.      At  the  moment  of  separation 
the  metal  has  a  very  high  temperature,  and  its  specific  gravity 
being  for  the  time  lower  than  that  of  the  surrounding  salt,  it 
rises  rapidly  to  the  surface  and  is  in  a  great  measure  burned. 
This  difficulty  may  be  met  by  using  an  apparatus  such  as  that 
first   described   by   Miller  (p.    35).      But,   unfortunately,   the 
relation  between  the  volumes  and  weights  of  the  metal  and  the 
fused  salts   is   easily  altered.      As  soon   as  any  considerable 
quantity  of  metal  has  separated  on  the  thin  wire  electrodes  and 
has,  in  consequence,  led   to  an   increase  in  cathode  area,  the 
temperature  at  this  point  must  necessarily  fall.     The  specific 
gravity  of  the  metal  is  thus  increased  by  so  much  that,  before 
they  have  time  to  solidify,  drops  become  detached   from  the 
electrodes,  and  sink  through  the  fused  salt ;  and  that  which  is 
not  dissolved  on  the   way  finds   an  easily   reducible  silicate 
(porcelain)  when  it  reaches  the  bottom.     To  counteract  this  evil 
Borchers  has  given  the  cathode  the  form  shown  in  Fig.  43. 
Within  a  wide  iron  tube  with  incurved  bottom,  R,  is  placed  a 
narrower  tube,  r,  reaching  nearly  to  the  bottom.     This  narrow 
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tube  is  uBed  to  introduce  into  R  a  stream  of  cold  water  which, 
hecoming  warmed,  maj  find  an  escape  through  the  tube,  S.     At 
the  bottom  of  the  tube,  R,  and  on  the  outside,  ia  attached  an 
iron  pin-like  projection,  which  muat  be  of  such  a  size  that  it 
may  become  heated  to  a  bright  red  heat  hj  the  electric  current 
passing  through    it  on    immersion   in   the   electrolyte ;    it    is 
necessary  that  it  should  thus  be  heated  to  a  temperature  higher 
than  that  of  the  surrounding  salt.     The  tube,  B,  is  sunk  to  the 
depth  of  only  ^  to  4  of  an  inch  in  the  fused  mass ;  and  care 
must  be  taken  that.  Doth  before  the  immersion  and  during  the 
whole  operation,   a   current   of 
water  is  circulating  through  r, 
so  that  the  bottom  of  the  tube 
may  become  coated  with  an  in- 
sulating crust  of  solidified  salt, 
and  that  the  whole  ot  the  current 
may  thus  be  ooncentrated  upon 
the  surface  of  the  projecting  pin. 
The  metal,  as  it  drops  from  the 
electrode,    falls    into    the    iron 
crucible,    T,     which    ia    placed 
beneath  R,  but  is  insulated  from 
it.    The  copper  wire,  K,  soldered 
to  the  upper  end  of  the  tube,  R, 
makes    the    necessary   electrical 
connection  with  the  generator. 
The  bottom  of  the  tube,  R,  is 
made  concave  exteriorly,  in  order 
Jl  to  prevent  the  escape  and  sub- 

sequent    combustion     (already 
alluded  to)  of  the  very  hot,  and 
therefore  relatively  light,  metal 
at  the   moment   of  production. 
The    incrustation    induced     by 
water  cooling,  and  the  resulting 
insulation    of    that    portion    of 
Fig.  43.-Borch«.'  ««rin,«.tal     the  tube,  R  which  is  immersed 
apparatus    for    alkalke    earth     >n  the  solution,   have   for  their 
maiol  redaction  (i-acale).  object  the  reduction  of  the  con- 

ducting area  of  the  cathode. 
As  soon  us  the  reduced  metal  falls  from  the  surface  of  the  pin- 
sbapied  cathode,  it  must  be  as  quickly  as  possible  withdrawn 
from  the  active  circulation  of  liquid  between  the  electrodes 
that  results  from  the  higb  current  density  employed.  This 
is  accomplished  by  the  use  of  the  crucible,  T,  which  is  suspended 
at  a  short  distance  below  the  negative  electrode.  The  metal 
there  sinks  through  the  layer  of  tranquil  liquid,  protected  by 
the  walls  of  the  crucible,  and  rapidly  solidifies  at  the  bottom. 


OA.LOIUH,  STROiTTIUH,   BABIDU,  85 

With  the  dimensions  of  apparatus  shown  in  Fig.  43,  a  ourrent 
of  19  to  20  amperes  will  saffice  for  the  reduction  of  calcium  or 
Btrontiutn,  but  30  amperes,  at  least,  will  be  required  for  barium, 
In  the  former  caae  an  electromotive  force  of  about  20  volta 
should  be  used,  but  in  the  latter  case  a  pressure  of  over  40  volts 
must  be  available.  The  yields  of  calcium,  strontium,  or  barium 
that  may  be  expected  amount  respectively  to  2,  5,  and  1  per 
cent,  of  those  which  should  theoretically  be  obtained;  and  the 
mere  mention  of  this  low  e£Scieacy  is  sufficient  to  indicate  the 
extent  of  the  difficulties  involved  in  the  reduction.  The  low 
quantitative  result  found  in  working  with  this  apparatus  serves  to 
conGrm  the  suspicion  that  a  considerable  portion  of  the  separated 
metal  passes  into  solution  again.  If  this  were  due  to  the 
coUectiag-crucible,  T,  being  too  warm,  a  remedy  could  easily  be 
found.  Bat  if  the  re-dissolving  is  to  be  ascribed  to  the  circum- 
stance that  the  insulated  iron  parts  of  the  apparatus  (wire  net 
and  crucible)  constitute  intermediate  poles  in  the  electric  circuity 
there  '!■*  apparently  but  little  hope  of  effecting  an  improvement 
in  the  apparatus 

Borohers*  Kodlfled  Apparattu. — Bearing  in  mind  all  these 
oircumstaioes,  the  author  has  constructed  the  following  appar> 


Fig.  44. — Borchera'  calcium  redudiig  farna^e. 

;.  44).  A  wrought-iron  crucible,  T,  is  used  as  the  melting 
on  one  side  of  this  is  a  slot  which  is  provided  with  a 
well-fitting  iron  plate,  TJ,  bent  into  (J-shape.  Beneath  this  slot 
the  pins,  £,  are  screwed  into  the  sides  of  the  crucible  that  they 
may  serve  as  cathodes.     The  size  of  theae  pins  is  so  arranged 
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that  the  current  density  on  e^ery  freely  exposed  surface  may  be 
1  ampere  per  sq.  mm.  [about  650  amperes  per  sq.  in.]  during 
the  time  of  electrolysis.  The  thick  carbon  rod,  Ay  is  used  as 
anode,  or  a  number  of  thinner  rods  may  be  substituted  for  it  if 
desired.  The  tube,  C,  is  provided  for  the  removal  of  chlorine.  The 
method  of  using  the  apparatus  is  as  follows : — The  fused  electro- 
lyte (a  halogen-salt  of  the  alkaline  earth  metal)  is  first  poured 
into  the  cold  crucible,  the  carbon  anode  is  then  lowered  into  the 
salt  and  the  current  is  switched  on  as  rapidly  as  possible.  The 
walls  of  the  vessel,  T,  become  covered  inside  with  a  crust  of 
solidified  salt,  and  this  is  maintained  throughout  the  operation 
by  submitting  the  outside  of  the  vessel,  intermittently  or  con- 
tinuously, to  the  cooling  action  of  cold  water  or  air.  The  crust 
forms  an  effective  insulator  for  the  internal  surfaces  of  the  crucible, 
and  only  becomes  re-melted  on  the  pins  which  project  some 
distance  into  the  fused  salt.  The  work  of  electrolysis  begins  at 
once ;  and  the  resistance  of  the  bath  should  be  made  so  great 
that  the  action  of  the  current  alone  may  sufBce  to  maintain  the 
electrolyte  in  a  state  of  fusion.  The  high  current  density  at  the 
cathode  is  sufficient  to  heat  the  bath  in  the  immediate  neigh- 
bourhood far  beyond  the  temperature  of  the  surrounding  parts. 
The  metal  separating  here  is,  therefore,  able  to  unite  by  fusion 
into  drops,  which  either  fall  off,  pr  float  upwards,  and  solidify, 
therefore,  either  on  the  bottom  of  the  crucible  or  beneath  the 
bent  U-shaped  plate.  It  has  already  been  shown  that  the 
relation  between  the  specific  gravities  of  the  metal  and  the  elec- 
trolyte are  liable  to  considerable  variation,  owing  to  the  changes 
of  temperature  that  occur.  The  metal  will,  therefore,  in  part 
sink  to  the  bottom  and  in  part  float  upwards,  according  to  the 
conditions  of  temperature  that  obtain.  By  the  use  of  an  appar- 
atus such  as  that  shown  many  of  the  causes  that  lead  to  a  loss  of 
metal  are  obviated,  but  not  all,  for  the  high  current  density  gives 
rise  to  a  rapid  circulation  of  liquid  in  the  electrolyte,  so  that 
much  of  the  reduced  metal  is  carried  about  in  suspension  and 
thus  becomes  re-oxidised.  A  part  of  the  metal  is  also  lost,  as 
previously  shown,  during  its  passage  from  the  cathode  by  uniting 
with  the  halogen  salts  to  form  sub-compounds.  The  highest 
yield  yet  obtained  with  this  apparatus  has  amounted  to  only  20 
per  cent.,  but  this  is  a  distinct  improvement  upon  the  5  per  cent, 
which  had  previously  been  the  maximum. 

Beduction  of  the  Alkaline  Earths  by  Carbon. — The  oxides 
of  these  metals  may  be  reduced  by  carbon,  the  contrary  state- 
ments to  be  found  in  most  chemical  text-books  notwithstanding. 
By  heating  the  oxides  with  thQ  right  proportion  of,  powdered 
carbon  for  the  reduction,  in  an  arrangement  such  as  that 
described  on  p.  88,  a  vapour  is  obtained,  which  apparently 
consists  of  metal  and  carbonic  oxide.  Unfortunately,  the  metal 
cannot  be  separated  from  this  vapour,  because,  in  cooling,  ik 
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reverse  reaction  sets  in  (viz.,  Ca  +  CO  =  CaO  +  0)  which  cannot 
be  avoided  even  by  operating  in  an  atmosphere  of  hydrogen. 
When  a  large  excess  of  carbon  is  used,  a  strongly  fritted  or  fused 
residue  is  obtained,  consisting  of  the  metals  of  the  alkaline' 
earth  employed  and  carbon. 

The  possibility  of  reducing  the  alkaline  earths  by  means  of 
carbon  was  confirmed  at  a  later  date  by  the  researches  of 
Moissan,*  who  heated  mixtures  of  the  oxides  or  carbonates  of 
these  metals  in  his  electric  furnace,  and  thus  obtained  a  residue 
consisting  of  the  corresponding  carbides. 

Uses  of  the  AlkaUne  Earth  Metals. — The  technical  applicar 
tion  of  these  metals  has  been  prevented  by  their  cost,  which  is 
necessarily  high,  in  spite  of  the  cheapness  of  the  raw  material, 
by  reason  of  the  difficulties  encountered  in  the  process  of  re- 
duction. 


CHAPTER  VII. 

THE  CARBIDES  OF  THE  ALKALINE  EARTH  METAL& 

The  Production  of  Carbides. — In  treating  of  the  methods 
to  be  used  in  the  production  of  calcium,  strontium,  and  barium, 
it  was  stated  (p.  86)  that  the  oxides  of  these  metals  could  be 
reduced  by  heating  them  in  admixture  with  carbon  in  an 
electric  furnace,  and  that  this  process  was  not  capable  of  affording 
the  metal  in  a  useful  condition.  By  working  with  an  excess  of 
carbon,  which  is  necessary  in  order  to  avoid  complication  of 
plant,  a  metallic  substance  is  always  obtained  that  contains 
much  carbon,  as  in  the  direct  reduction  of  aluminium;  and 
since  this  residue  has  practically  none  of  the  usual  properties 
of  a  metal,  it  must  be  regarded  as  a  carbide. 

In  working  with  the  arrangement  first  to  be  described,  the 
author  had  devoted  but  little  attention  to  these  carbides,  because 
the  object  that  he  had  in  view  at  the  time  was  the  discovery  of 
a  practicable  method  for  the  production  of  the  pure  metals. 
Meanwhile,  the  carbides  of  the  alkaline  earth  metals  have 
become  so  important,  not  only  in  metallurgy,  but  also  in  the 
chemical  industries  at  large,  that  a  closer  examination  of  these 
products  of  the  electro-metallurgical  smelting- furnace  will  not  be 
out  of  place  here,  although  they  cannot  be  regarded  as  metals. 

The  methods  pf  production  industrially  available  do  not  yield, 
the  carbides  in  a  pure  condition,  and  it  is  doubtful  whether  the 
use  of  perfectly  pure  raw  materials  would  give  a  carbide  of  quite 
constant  composition.       The  products   obtained   from   electric 

*  Comptes  BenduBf  1894,  vol.  cxviii.,  pp.  501  and  684. 
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furnaces  of  different  construction,  however,  Tar;  but  little  in 
character.  A  fritted  or  fused  black  mass  results,  that  is  re- 
markable for  the  readiness  with  which  it  oxidises.  The  carbide 
of  the  alkaline  earth  metals  are  decomposed  by  water  or  dilute 
acids  with  the  evolution  of  acetylene  : — 

CaC,  +  3H,0  =  Cs(OH),  +  C|H, 

All  these  carbides  exhibit  a  most  powerful  reducing  (and 
desulphuriBing  and  dephosphorising)  action,  which  is  worthy  of 
notice  in  connection  with  the  refining  of  metals. 

Methods  of  Produotloii.— After  Davy,*  in  the  year  1836, 
had  shown  that  the  residue  obtained  in  the  extraction  of  potassium 
aiorded  an  evil-smelling  combustible  gas  by  contact  with  water, 
and  therefore  contained  calcium  carbide,  Wtihler,!  in  1862, 
produced  a  carbide  with  the  formula  CaOj  by  the  direct  union 
of  calcium  and  carbon.     He  heated  an  alloy  of  calcium  and  zino 


Fig.  43. — Borchera'  experimental  electric  furnace. 

with  carbon,  and  reconimended   the  resulting  product  for  the 
synthetical  production  of  acetylene. 

During  the  year  ]  880,  Borchers  succeeded  in  reducing  metallic 
oxides,  previously  held  to  be  unreducible,  by  means  of  electrically 
heated  carbon.  When  an  excess  of  carbon  was  employed  in  the 
mixture,  the  reduced  residue  was  observed  to  contain  much  of 
this  element  j  but,  bh  stated  above,  no  attention  was  paid  to  the 
fact,  because  the  object  of  the  research  was  the  production  of  a 
pure  metal.  The  fumnce  shown  in  Fig.  45  was  employed  in 
Borchers'  experiineuts  with  a  current  of  12  volts  and  120  amperes 
(  =  3  E.H.P.).  It  is  easily  put  together  with  the  aid  of  a  few 
firebricks  and  carbon  rods.  A  small  carbon  rod,  k,  IJ-  in. 
long,  and  ^  in.  thick,  is  placed  between  the  two  thicker  carbon 
cylinders,  K,  which  are  about  1)  in.  in  diameter.  The  thicker 
rods  are  supported  between  the  firebricks,  A,  B,  aod  C,  D, 
respectively,  in  which  semi-cylindrical  grooves  are  cut  to  receive 
'  .^nn.  d,  Ohtm.  u.  Pliarm.,  vol.  zxiii.,  p.  144. 
+  Jbb,  d.  Chan.  h.  Pharm.,  vol.  oxrfv.,  p.  220. 
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them.  The  cables,  L  L,  and  the  clamps,  V  V,  complete  the 
electrical  connections  with  the  dynamo.  After  standing  this 
simple  arrangement  upon  a  firebrick  support,  and  enclosing  the 
sides  by  firebricks,  aa  at  S,  the  small  space  around  the  narrow 
<»iTbon,£,is  filled  with  the  required  mixture  of  oxide  and  carbon,' 
and  the  current  is  then  switched  on.  An  evolution  of  carbonic 
oxide  is  at  once  observable,  and  after  a  few  minutes,  the  whole 
mass  situated  directly  between  the  poles,  EE,  will  be  converted 
into  carbide.  The  remaining  unreduced  portion  serves  to  pro- 
tect the  carbide  from  the  action  of  the  air,  and  from  impurities 
which  would  be  extracted  from  the  walls  of  the  chamber  if 
contact  were  permitted.  The  fused  or  fritted  portion,  removed 
from  the  furnace  after  cooling,  will  be  found  to  evolve  acetylene 
and  other  hydrocarbons  with  great  vigour  when  thrown  into  water. 
Borohers'  Eleotrio- Smelting  Furnace. — It  is  unnecessary 
to  point  out  that  furnaces  of  the  type  last  described  may  equally 


Fig.  46.— Borcher*' electric-smelting  famaoe  {longitudiDml  Boctiou). 


Fig.  47.— Itorchera'  elect  ric-amel  ting  fnmace  (tranBvene  Motion }. 
well  be  built  on  a  larger  scale  ;   and  as  an  example  of  such  an 
arrangement,    the   annexed  illustrations  (Figs.   46  to  48)  are 
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giveo.  They  are  sketches  of  a  furnace  which  Borchers  has 
oonstructed  for  the  research-laborator;  of  a  large  firm  that  ia 
interested  in  the  manufacture  of  carbides.  In  these  works  20 
EhH.P.  are  available  for  experiment  in  the  form  of  a  current  of 
24  Tolts  and  610  amperes. 


Fig.  4S. — Borchers'  electric-amelting  furDoce  (plan). 

The  furnace  ia  shown  in  vertical  longitudinal  and  transverse 
section  in  Figs.  46  and  47  respectively,  whilst  in  ffig.  48*  it  ia 
shown  as  viewed  from  above. 

On  a  atone  base-plate,  or  on  a  long  low  block  of  masonry,  are 
laid  the  iron  or  copper  conductor,  L,  which  is  common  to  all  the 
rail  to  which  the  oondncton,  Z  aad  L|, 
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fitmsces  erect«d  m  any  given  installation,  and  tbe  separate  con- 
dncting  plates,  Lj,  kept  in  place  by  the  holding-down  bolts,  B,  at 
tbe  opposite  ends  of  the  individual  frimaces.  The  plates,  L,, 
can  be  connected  at  will  with  the  main  leads,  Ii^  throngh  the 
contact  screw,  C,  the  switch,  A,  and  the  branch  mains,  Z.  The 
carbon  blocks,  K,  with  the  carbon  rods,  k  (each  J  of  an  inch 
in  diameter  and  a  little  over  3  inches  in  length),  between  them, 
are  attached  to  the  conductors,  L  and  Lj,  by  means  of  the  screw- 
bolts,  S,  and  the  clamps,  V.  The  carbon  plates  thus  bound 
together  form  the  front  and  back  walls  of  the  fiimace,  while  the 
side  walla  are  built  of  dry-laid  fireclay  blocks,  F.  When  in 
operation  a  fireclay  extension  of  the  fnmace,  G,  above  is  filled 
with  a  mixture  identical  with  that  of  the  charge,  or  with  coarse 
charcoal  powder,  to  prevent  access  of  air. 

This  furnace  is  one  which  may  be  easily  erected  or  taken 
down.     In  use,  the  whole  space  surrounding  the  coke  rods,  k,  is 


Fig.  40.  — Cowles'  electric  furDice. 

filled  with  the  mixture  of  oxide  and  carbon,  and  this  is  best 
effected  while  the  carbon  plales,  K,  and  the  rods,  it,  are  being 
put  together.  The  space  o«tween  the  blocks,  O,  should,  in  pre- 
ference, be  partly  filled  with  an  excess  of  the  charging  mixture, 
and  this  should  then  be  covered  over  with  powdered  charcoal. 
A  current  of  6000  to  6500  amperes  per  sq.  in.  (9-10  amperes  per 
sq.  mm.)  of  total  cross-section  of  the  rods,  k,  should  suffice  to 
give  tbe  desired  reaction.  After  about  live  minutes  the  main 
portion  of  the  contents  of  the  furnace  will  have  been  reduced, 
and  the  current  is  then  switched  on  to  a  second  furnace,  the  first 
being  thrown  out  of  circuit. 

It  is  evident,  even  at  the  first  glance,  that  the  same  principle 
of  construction  may  be  adopted  in  the  largest  installations.  It 
has,  indeed,  actually  been  applied  hy  Cowles  to  the  manufacture 
of  ferro-alu minium  and  aluminium-bronze  on  the  large  scale,  as 
the  illustration  of  tbe  Cowles  furnace  (Fig.  49)  will  at  once  show. 
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The  detailed  description  of  this  furnace  will  be  given  in  the  Chapter 
on  Aluminium,  in  special  reference  to  aluminium-bronze. 

Early  Experiments  in  Carbide  Froduotion. — ^The  author 
had  established  the  principles,  both  of  the  lime  reduction  process 
and  of  the  furnace  construction  necessary  for  the  reaction,  some 
ten  years  prior  to  his  publication  of  the  same  in  1891  ;  only  the 
idea  of  a  technical  use  for  the  carbide  had  not  then  arisen.  The 
later  researches  of  Maquenne,  Travers,  and  Moissan  first  recalled 
attention  to  this  class  of  compounds. 

Maquenne*  heated  a  mixture  of  26 '5  grms.  of  barium  carbonate 
with  10 '5  grms.  of  powdered  magnesium  and  4  grms.  of  wood- 
charcoal  in  an  iron  bottle  for  four  minutes  in  a  Perrot  furnace, 
according  to  the  equation : — 

BaCOs  +  Mg  +  C  =  BaCs  +  MgO. 

From  the  resulting  amorphous,  blue  grey,  friable  product,  he 
found  that  100  grms.  yielded  5200  to  5400  cc  of  acetylene,  con- 
taining some  0'6  per  cent,  of  free  hydrogen.  [1  lb.  yielded, 
therefore,  about  1500  cub.  in.  of  the  gas.] 

Traversf  heated  a  mixture  of  sodium,  calcium  chloride,  and 
powdered  retort  carbon  for  10  minutes  in  an  iron  bottle,  and 
obtained  a  product  containing  about  16  per  cent,  of  CaCj. 

Following  this  came  the  publication  of  Moissan's  account  |  of 
the  reduction  of  lime,  and,  in  the  presence  of  a  sufficient  quantity 
of  carbon,  the  formation  of  a  calcium  carbide,  liaving  the  formula 
CaCj,  in  his  electric  furnace.  Considering  all  that  had  hitherto 
become  known  concerning  the  production  of  calcium  carbide,  the 
fact  that  it  could  be  prepared  in  Moissan's  furnace  was  by  no 
means  astonishing.  The  author  does  not  doubt  that  Moissan 
will  succeed  in  producing  in  his  furnace  many  of  the  reactions 
which  he  (Borchers),  in  1891,  summarised  by  the  general  state- 
ment that  all  oxides  are  capable  of  being  reduced  by  electricallf/ 
heated  carbon.  It  is  strange  that  in  tJie  year  1894  &  patent  should 
have  been  granted  in  Germany  to  one  Bullier,  for  the  prodtiction 
qflJie  carbides  of  the  alkaline  ea/rth  metals,  the  patent  being  based 
on  the  fact  that  all  mctfdlic  oxides  can  be  reduced  by  electrically 
heated  carbon  {this  liaving  been  known  since  1891),  and  on  the 
supplementary  fact,  knoum  since  1862,  that  calcium  nill  combine 
with  carbon  at  high  temperatures  to  form  calcium  carbide. 

BuUier's  Speoifloation. — According  to  BuUier's  patent  speci- 
fication §  the  method  of  production,  which  is  in  accordance  with 
Moissan's  published  statments,  is  as  follows  : — "  If  a  mixture  of 
56  parts  of  burnt  lime  and  36  parts  of  carbon  be  heated  in  an 
electric  furnace  of  the  type  known  as  Moissan's,  there  will  result 
a  definite  calcium  carbide,  corresponding  approximately  to  the 

*  Gomptes  Rend,,  1892,  vol.  cxv.,  p.  558. 

t  Proe,  Chem,  Soc,  1893,  p.  15. 

:::  Comptes  Rendu;  1894,  vol  cxviii.,  p.  501.       §  German  Patent  77,168. 
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composition  C^Ca.  By  the  addition  of  lime  in  excess,  carbides 
of  various  compositions  may  be  obtained.  In  the  same  way,  and 
ivith  equal  facility,  the  carbides  of  barium  and  strontium  may  be 
produced. 

"  It  is  obvious  that  instead  of  the  oxide  of  the  metal  to  be 
employed,  the  carbonate  or  any  other  substances  containing  the 
alkaline  earth  metals  may  be  used." 

After  the  statement  of  the  author,  quoted  above  as  having 
been  published  in  1891,  it  is  open  to  anyone  to  produce  metals 
containing     carbon,     and 
therefore      earbidti,       by  i, 

tketricaUy  heating  the  suit- 
able oxide*  in  admixture 
with  carbon  ;  and  for  this 
purpose  any  type  of  elec- 
tric furnace  whatever, 
whether  the  author's,  or 
Siemens',  or  any  other 
may  be  used. 

Willson's  FroaeBB,— 
Finally,  towards  the  end 
of  1894,  Willson,  of  the 
Willson  Aluminium  Co., 
at  Spray  (North  Carolina), 
which  had  given  up  the 
intention  of  manufactur- 
ing aluminium,  appeared 
upon  the  scene  with  the 
statement  that  he  bad,  in 
the  year  1893,  accident- 
ally produced  calcium  car- 
bide in  course  of  his  ex- 
periments in  the  produc- 
tion of  calcium  and  its 
alloys.  Doubtless  he  did 
obtain  this  product ;  but 

it  was  by  the  deetrical  ^'8-  60.— The  Willson  electric  farnace. 
heating  of  a   mixture  nf 

lime  and  carbon,  and  that  in  an  apparatus  which  had  been 
patented  in  England  and  America;  for  the  Utter  is  clearly  a 
Siemens  electric  furnace  enlarged  on  the  model  of  the  Heroult 
furnace.  The  annexed  Fig.  GO  suffices  to  demonstrate  this 
point.  The  brickwork.  A,  surrounds  the  crucible,  B,  which  is 
made  of  carbon,  and  receives  the  charge.  This  crucible  resta 
on  a  metal  plate,  b,  by  which  it  is  brought  in  contact  with  the 
electric  conductor.  Through  the  cover  is  introduced  a  thick  car- 
bon rod,  C,  in  such  a  way  that  an  electric  arc  can  pass  between 
it  and  the  charge  within  the  cradble.    The  charge  consistB  of  a 
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mixture  of  lime  and  carbon,  and  the  apparatus  was  constructed 
for  use  with  a  current  strength  of  4000-5000  amperes. 

[The  Caloium  Carbide  Fli^iit  at  Spray.— The  Willson 
plant  for  the  manufacture  of  calcium  carbide  is  in  use  at 
Spray,  and  a  larger  installation  is  to  be  completed  at  the 
Falls  of  Niagara.  The  furnaces  in  use  in  both  these  places 
have  been  described  by  Morehead  and  De  Ghalmot.*  The 
present  furnace  at  Spray  is  in  principle  the  same  as  that 
shown  in  Fig.  50  (above);  but  the  details  of  construction 
are  very  greatly  modified.  The  furnace  is  a  brick  vault, 
divided  into  two  by  a  partition  across  the  centre.  The  anode 
consists  of  a  group  of  six  carbon  pencils,  each  of  which  is 
4  in.  square  and  3  ft.  long ;  these  are  firmly  clamped  in  a  holder 
attached  to'  a  vertical  rod  projecting  upwards  tlirough  the  roof 
of  the  furnace,  and  supported  by  a  chain,  which  passes  over  two 
rollers,  and  facilitates  the  adjustment  of  the  carbons  in  the 
furnace.  The  carbons  above  the  level  of  the  charge  are  sheathed 
in  a  sheet-iron  casing.  The  copoer  connection  with  the  positive 
lead  is  efiectod  outside  the  vault.  The  floor  of  the  furnace 
consists  of  a  stout  iron  plato,  covered  wich  a  slab  of  carbon  8  in. 
thick,  and  connected  with  the  negative  lead.  A  flue  is  provided 
in  the  back  wall  of  the  chamber,  near  the  top,  and  the  front  of 
the  vault  is  enclosed,  when  in  use,  by  four  iron  plates,  placed 
one  above  the  other.  The  two  compartments  of  the  furnace  are 
independent  of  one  another,  each  having  its  own  electrodes. 
After  charging  and  regulating  the  arc  in  the  usual  way  a 
current  of  1700-2000  amperes  x  70-100  volts  is  employed,  and  the 
whole  furnace  is  afterwards  allowed  to  cool  before  discharging 
the  contents.  With  the  size  of  anode  given  above,  the  current 
should  not  exceed  2000  amperes,  which  would  mean  a  density 
of  about  10  amperes  per  sq.  in.  of  cross  section  of  carbon.  With 
such  a  plant,  requiring  from  150  to  200  electrical  H.P.,  the 
gross  yield  of  carbide  ^including  a  small  quantity  of  slag)  is  said 
to  vary  from  9  to  11*5  lbs.  per  H.P.  per  24  hours.  This  number 
agrees  with  that  obtained  by  Houston,  Kennedy,  and  Kinnicutt,t 
viz.,  0*3723  lb.  of  nett  carbide  per  H.P.  hour,  which  is 
equivalent  to  8*9  lbs.  per  2i  hours. 

In  the  larger  or  '^King"  furnace  to  be  erected  at  Niagara, 
several  important  changes  have  been  effected,  as  is  evidenced  by 
Figs.  50a  and  50b,  which  are  taken  from  Morehead  and  De 
Chalmot's  paper.  The  principal  modification  is  the  introduction 
of  a  movable  bottom,  in  order  to  facilitate  the  working  of  the 
furnace,  a  device  that  has  been  successfully  employed  in 
•connection  with  certain  American  bloomery  furnaces  for  the 
manufacture  of  iron.     In  this  instance  the  object  is  to  render 

*  Indtulries  aaid  Iron,   1896,  voL   xx.,  p.  322  (from  Journ,  of  Am, 
•Chem,  Soc). 
fProgrt$9iveAge  (New  York),  April  15,  1896. 
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the  working  of  the  furnace  continuous  hy  witbdrawing  the 
hearth  as  soon  as  it  is  nearly  full  and  substitntine  an  emptv 
-one,  the  charge  from  the  former  being  then  covered  up  until  it 
is  cool.  In  nee,  as  soon  as  the  empty  truck  is  in  place  the  arc  is 
to  be  started,  and  the  charge  is  to  be  introduced  through  the  aide 
flues,  e,  vith  the  aid  of  the  automatically  rotating  blades,  /, 
without  which  it  would  be  almost  impossible  to  prevent  the 


Fig.  50*-  Kg.  Wte. 

The  King  fumaoe  for  caldnm  carbide  (from  Induttria  and  Iron). 

packing  of  the  finely  powdered  material  in  the  passages.  The 
charging  is  to  be  effected  very  slowly,  the  rate  being  controllable 
by  the  action  of  the  blades,  and  during  the  whole  time  the  truck 
is  to  be  moved  backwards  and  forwards  through  a  space  of  2  in., 
by  means  of  the  bar,  g,  at  the  rate  of  20  times  to  the  minute, 
llie  reciprocating  motion  ia  given  with  the  object  of  causing  the 
powdered  charge  to  become  consolidated  and  packed  in  the 
hearth.     The  upper  part  of  the  furnace  is  surrounded  internally 
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by  a  jacket,  w,  through  which  cool  air  is  circulated.  The  door, 
u,  at  the  top  is  to  be  kept  open  until  the  air  in  the  furnace 
chamber  is  displaced  by  the  carbonic  oxide  resulting  from  the 
reaction  of  the  coke  and  lime ;  it  is  then  closed,  and  from  that 
time  the  flue,  t;,  is  the  only  aperture  left  open. 

The  bottom  of  the  truck  is  covered  with  carbon  inside,  and 
the  truck  itself  is  provided  with  trunnions,  d,  by  means  of  which 
it  may  be  overturned  at  the  end  of  the  operation.  A  bin,  A,  is 
provided  beneath  the  hearth  to  receive  the  small  quantity  of 
charge,  which  would  otherwise  be  lost,  at  the  moment  when  the 
trucks  are  charged,  for  the  slow  charging  continues  without 
intermission.  The  upper  electrode  consists  of  12  carbons, 
similar  to  those  used  in  the  Spray  furnace,  gripped  in  a  holder, 
but  with  two  iron  plates,  o,  wedged  in  between  them  and  the 
clamp.  As  the  electrodes  are  heavy,  and  the  temperature  in 
the  upper  part  of  the  furnace  is  high,  the  supporting  copper  rod, 
e  (6  in.  by  H  in.),  is  strengthened  by  being  placed  between  two 
iron  bars,  each  of  which  measures  6  in.  by  1  in.  in  cross  section. 
The  electrical  connection  with  the  truck  in  the  furnace  shown  is 
made  by  the  clamp,  pz ;  but  it  is  preferred  to  use  the  rod,  g, 
which  would  then,  like  the  support  of  the  upper  electrode,  con- 
sist of  a  compound  bar  of  iron  and  copper. 

The  above  account  has  been  made  somewhat  full,  on  account 
of  certain  interesting  features  of  the  plant,  although  the  records 
of  the  experiments  with  the  furnace  have  yet  to  appear. — Trans- 
lator.] 

Estimated  Cost  of  Produoing  Calcium  Carbide. — On  the 
basis  of  the  experiments  so  far  made,  the  cost  of  producing 
calcium  carbide  and  acetylene  may  be  estimated  as  follows, 
according  to  American  prices : — 

11  cwts.  of  powdered-carbon,         .        •        .        .  £0  12  0 

20  cwts.  of  bamt  lime, 0  19  0 

202  E.H.  P.  for  12  hours 18  0 

Labour,  &c 0  12  0 

20  owts.  of  CaCs, £.3  11    0 

20  cwts.  of  CsHs, £8  18    0 

For  various  reasons  it  is  unfortunately  not  wise  to  accept  these 
figures  exactly  as  they  stand.  Some  explanaton,  for  example, 
is  required  of  the  ratio  between  the  lime  and  the  coke-dust 
used.  The  reaction  takes  place  according  to  the  equation 
GaO  +  30  =  CaOj  +  CO,  and  from  this  it  will  be  seen  that 
the  20  cwts.  of  lime  will  alone  require  as  much  as  12*8  cwts.  of 
carbon.  It  would  therefore  be  interesting  to  know  what  class 
of  carbon  powder  was  used  if,  as  the  equation  indicates,  over 
16  cwts.  of  pure  coke,  charcoal,  or  anthracite  be  ordinarily  re- 
quired for  the  treatment  of  a  ton  unit  of  pure  lime. 

Then  the  estimate  of  202  £.H.P.  would,   under  the  most 


THE  CARBIDES   OF  THE  ALKALINE   EARTH   METALS.  97 

fiEkvourable  conditions,  correspond  to  at  least  225  Indicated  H.P. 
To  reckon  only  28s.  for  this  amount  of  power  applied  during 
twelve  hours  appears  somewhat  too  sanguine.  Finally,  passing 
over  the  estimated  prices  of  lime  and  powdered  carbon,  the 
item  for  **  labour,  &c."  appears  to  be  unduly  small. 

There  is  no  need,  however,  to  quibble  about  a  few  shillings 
if  the  expenditure  of  power  be  realty  no  higher  than  that  quoted. 
Even  if  the  expenses  were  doubled,  the  manufacture  of  the 
carbide  would  always  afford  a  good  profit.  But,  according  to 
the  author's  experience  with  this  electrical  heating  process,  the 
power  required  must  be  very  considerably  higher ;  his  results, 
however,  were  obtained  with  dynamos  of  only  6  H.P.,  and 
there  is  no  doubt  that  a  larger  plant  would  prove  more  economical. 
The  author  considers  that,  to  make  an  unbiased  estimate  of 
the  cost  of  production,  based  upon  his  own  small  scale  experi- 
ments, it  would  be  necessary  to  take  the  following  figures  as 
representing  the  requirements  for  the  manufacture  of  20  cwts.  of 
calcium  carbide : — 

18  to  20  cwts.  of  quicklime  (according  to  purity) ; 

16  cwts.  of  powdered  coke,  charcoal,  or  anthracitic  coal ;  and 

450'to  480  E.H.P.  for  twelve  hours. 

These  numbers  do  not  take  into  account  the  labour,  apparatus, 
or  other  charges  involved,  and  they  must  not  be  considered 
absolute;  but  they  certainly  lie  within  the  range  of  probability. 
They  may,  therefore,  be  regarded  provisionally  as  representing 
the  outside  limit  of  expenditure  in  the  unfavourable  sense  of  the 
expression.* 

*[Very  careful  experiments  were  made  with  the  plant  at  Spray  by 
Houston,  Kennelly,  and  Kinnicutt,  who  constituted  a  commission  appouted 
by  the  Progressive  Age  (of  New  York)  to  enquire  into  the  process  as  it  was 
there  applied.  Their  report  was  published  in  that  journal  on  April  15, 
1896,  and  some  of  their  results  have  already  been  referred  to  on  p.  94. 
The  estimated  cost  of  production,  including  all  materials,  labour,  deprecia- 
tion,  stores,  and  water-power,  amounted  to  $32,767  per  short  ton  of  2000  lbs. 
(which  would  be  equivalent  to  £7,  lOs.  per  ton  of  2240  lbs.),  this  estimate 
bemg  made  on  the  assumption  that  a  plant,  turning  out  an  average  of  2000  lbs. 
of  sproas  carbide  per  diem,  was  employed,  without  intermission,  day  and 
nignt,  throughout  the  whole  year.  They  report,  however,  that  both  the 
freiffht  charges  for  lime,  and  the  cost  of  coke  were  unusually  high  at  Spray. 
Ana  in  a  later  report,  Houston  and  Kennelly  have  cut  down  their  estimate 
to  £4,  10s.  per  British  ton,  on  the  basis  of  a  production  of  10,000  lbs.  per 
diem,  with  water-power  at $5 per  H.P.  per  annum,  and  with  coke  at  128.  4d., 
and  lime  at  1  Is.  3d.  per  long  ton.  The  assumed  cost  of  the  water-power 
would,  however,  appear  to  be  based  upon  a  very  sanguine  estimate ;  and 
the  Spray  factory  must  be  unusually  happily  placed  if  they  can  command 
power  at  such  a  low  rate.  At  Niagara  and  at  Neuhausen,  it  is  commonly 
regarded  as  costing  in  round  numbers  £2,  10s.  (or,  say,  $12)  per  H.P.  per 
annum,  whilst  in  a  few  instances  it  has  been  known  to  exceed  twice  this 
amount.  Further,  as  the  sources  of  water-power  are  taken  up,  and  as  the 
value  of  falls  becomes  better  known,  it  seems  almost  inevitable  that  the 
cost — ^from  greater  inaccessibility  of  the  &lls,  or  from  hiffher  rentals^shall 
always  approximate  that  of  steam-power.— Tbanslatobj 
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XJse  of  the  Carbides. — As  regards  the  practical  applications 
of  the  carbides,  the  probability  is  that  they  will  be  em- 
ployed in  the  refining  of  metals,  especially  as  a  deoxidising 
agent  for  ingot  iron,  for  it  is  not  easy  to  imagine  a  more  con- 
venient reducing  agent  for  the  molten  oxides  of  the  heavy 
metals.  But  the  largest  proportion  of  the  carbide  will  no  doubt 
be  used  up  at  the  place  of  manufacture  in  the  production  of 
acetylene.  The  future  method  of  operation  may  consist  in 
decomposing  the  calcium  carbide  by  water,  drying  the  resulting 
gas,  reducing  it  to  the  liquid  condition  by  the  united  action  of 
cold  and  pressure,  and  placing  the  product  on  the  market  in 
steel  flasks,  similarly  to  carbon  dioxide,  sulphur  dioxide,  and 
ammonia.     (See  foot-note  on  p.  99.) 

Acetylene,  OgHj,  is  a  colourless  gas  which  has  an  unpleasant 
odour  [when  impure].  It  may  be  condensed  to  a  colourless 
liquid  under  a  pressure  of  about  48  atmospheres,  and  it 
may  some  day,  therefore,  be  put  upon  the  market  in  this 
form.  As  bearing  upon  its  use  as  an  illuminant  (for  ad- 
mixture with  ordinary  lighting  gas),  it  must  not  be  forgotten 
that  it  is  capable  of  dissolving  in  an  equal  volume  of  water. 
Alcohol  dissolves  six  times  its  volume  of  acetylene.  Among 
other  absorbing  agents,  ammoniacal  solutions  of  cuprous 
chloride  and  silver  nitrate  should  be  mentioned;  from  these 
solutions  the  gas  precipitates  CgHj .  CagO  and  C^Hg .  Ag^O 
respectively,  each  of  which  substances  is  insoluble  in  water 
but  is  readily  decomposed  by  acids,  with  separation  of 
Acetylene,  whilst  each,  when  in  the  dry  condition,  explodes 
violently  under  shock  or  on  heating. 

Acetylene  burns  in  an  ordinary  burner  with  a  very  smoky 
flame,  but  in  burners  specially  constructed  to  prevent  the 
formation  of  smoke  it  gives  a  high  luminosity,  the  intensity  of  the 
light  exceeding  that  afforded  hy  ordinary  illuminating  gas  in  the 
proportion  of  10 :1,  It  is  therefore  possible  that  an  admixture 
of  acetylene  may  be  used  to  increase  the  luminosity  of  the 
lighting  gas  as  at  present  supplied.  It  is  possible,  how- 
ever, that,  following  upon  the  solution  of  the  problem  of 
manufacturing  the  carbide  successfully,  the  makers  of  illuminat- 
ing gas  will  And  it  advantageous  to  alter  completely  the  present 
isystem  of  treating  coal.  In  place  of  submitting  the  coal  to  the 
expensive  distillation  process,  it  would  be  treated  in  gas-pro- 
ducers or  generators,  and  among  these  processes  that  of  obtain- 
ing producer  gas  by  passing  nearly  the  maximum  permissible 
amount  of  steam  with  the  air  into  the  producer,  would  at  once 
come  under  consideration.  This  gas  has  already  proved  its  value 
for  heating  purposes  and  as  a  fuel  for  use  in  gas  engines.  If,  then, 
this  gas,  by  an  admixture  of  acetylene,  can  be  converted  into  a 
good  illuminating  gas,  about  which  no  doubt  can  be  entertained, 
the  works  at  present  engaged  in  the  production  of  lighting, 
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Heating,  and  power  gas  would  be  employed  in  making  a  gas  of 
the  above-named  description.  A  single  plant  could  thus  supply 
a  cheaper  gas  for  heating  and  power,  of  which  a  portion  could  be 
mixed  with  acetylene  for  illuminating  purposes.* 

Of  the  other  chemical  properties  of  acetylene,  the  following 
deserves  the  attention  of  the  chemical  industiies.  By  the 
agency  of  platinum  black  acetylene  unites  directly  with  hydrogen 
to  form  ethane,  C^H^.  The  direct  conversion  of  the  acetylene 
into  ethylene,  C^H!^!  by  the  addition  of  hydrogen  is  not  so  easily 
accomplished  as  would  appear  from  recently  published  state- 
ments. But  the  possibility  of  producing  alcohol  from  acetylene 
on  a  commercial  scale  by  the  formation  of  ethylene,  the  con- 
version of  the  latter  into  ethylsulphuric  acid  and  the  decom- 
position of  this  into  alcohol,  depends  still  upon  many  questions 
that  have  yet  to  be  settled. 

*  [Note  on  the  Use  of  Acetylene  in  the  Liquid  Form,  and  as  an  Enriching 
Agent  for  Illuminating  Oas, — It  must  not  be  forgotten  that  acetylene  u  an 
endothermic  compound,  and  is,  in  consequence,  very  unstable.  As  com- 
pared with  ordinary  heating  or  illuminating  gas,  a  far  smaller  proportion, 
either  of  acetylene  in  air  or  of  air  in  acetylene,  suffices  to  produce  a  mixture 
that  may  be  exploded  by  contact  with  a  light.  But  Berthelot  has  shown 
that  in  proportion  as  acetylene  is  compressed  it  becomes  more  liable  to  true 
explosion  ol  itself,  without  any  admixture  of  oxygen ;  so  that  when  the 

eressure  exceeds  2  atmospheres,  if  any  portion  of  the  sas  were  locally 
eated  to  its  temperature  ox  decomposition,  the  action  would  spread  through 
the  whole  of  the  gas.  Such  a  result  might  even  be  produced  by  opening  a 
cylinder  of  the  compressed  sas  too  suddenly  into  a  very  confined  space, 
liquid  acetyleoe,  when  fired  l>y  an  electrically  heated  wire,  was  dissociated 
so  violently  that  in  one  case  a  pressure  of  over  35  tons  per  sq.  in.  was 
developed  ;  and,  by  firing  a  charge  of  fulminate  of  mercury  in  the  midst, 
the  acetylene  behaved  like  a  high  explosive  (such  as  gun-cotton),  shattering 
the  steel  flask  in  which  it  was  contained.  It  is  true  that  mere  mechanical 
shock  failed  per  ae  to  ex[)lode  even  liquid  acetylene ;  but  in  one  instance,  in 
which  a  cylinder  was  fractured,  the  mixture  of  eas  and  air  became  fired  by 
the  heat  generated  bv  friction  between  flying  fragments  of  metal,  and  a 
violent  explosion  of  the  whole  resulted.  It  is  obvious  that  such  accidents 
are  likely  to  occur  but  rarely,  yet  the  mere  foct  that  there  is  so  consider- 
able an  element  of  danger  in  connection  with  the  use  of  acetylene,  and  that 
serious  accidents  have  occurred,  is  likely  to  restrict  the  use  of  the  material. 
Again,  Lewes  {Journal  of  Oaa- Lighting,  1895,  vol.  Ixv.,  p.  1067)  has 
shown  that  although  acetylene,  when  burned  alone  under  fiBkvourable  con- 
ditions, exhibits  a  luminosity  of  240  candle-power  (per  5  cub.  ft.);  yet 
when  mixed  with  non-luminous  (or  inferior)  f:ases  it  does  not  increase  the 
luminosity  in  anything  approaching  to  the  ratio  that  it  should,  according 
to  calculations  based  upon  the  proportions  of  the  gases  employed.  This  has 
been  confirmed  by  Love  {Journal  of  Gcu-LigfUing,  1895,  voL  Ixvi.,  p.  339), 
who  found  that  in  an  extreme  case  the  luminosity  of  the  acetylene  added 
in  small  quantity  to  a  large  volume  of  water-gas  showed  luminosity  which, 
calculated  per  unit  of  acetylene  employed,  was  only  a  little  in  excess  of  6, 
instead  of  230  candle-power.  Acetylene  is,  therefore,  hardly  likely  to  come 
into  extended  use  for  the  enrichment  of  illuminating  gas  in  competition, 
for  example,  with  such  a  material  as  oil  gas,  which  may  develop  an  enrich- 
ment value  of  96  candle-power  per  unit  employed,  although,  wnen  burned 
alone,  its  luminosity  is  only  60  candle-power. — TaAVSLATOB.] 


100  ELBCTBIC  SMELTING  AND   REFINING. 

The  conyersion  of  acetylene  into  benzene  and  higher  hydro- 
carbons by  polymerisation  whilst  passing  through  a  heated  tube, 
is  quite  out  of  the  question  for  technical  purposes,  because  the 
method  of  producing  acetylene  can  never  be  sufficiently  inex- 
pensive to  make  it  practicable.  If  all  the  coke  manufacturers 
were  to  recover  bye-products  by  using  ovens  of  the  Otto  or  other 
analogous  type,  the  market  would  soon  be  flooded  with  benzene 
and  other  products  of  the  distillation  of  coal. 

Especially  noteworthy  is  the  fact  that  acetylene  combines 
directly  with  nitrogen  under  the  action  of  the  electric  spark  to 
form  hydrocyanic  acid,  O^Hg  +  Nj  =  2HCN.  It  is  even  possible 
that  under  suitable  conditions  nitrogen  might  be  similarly  added 
to  metallic  carbides. 

Acetylene  may  be  converted  into  oxalic  acid  or  acetic  acid  by 
treatment  with  oxidising  agents  in  aqueous  solution. 

From  all  that  has  been  written  in  this  chapter,  it  is  evident 
that  both  the  carbides  of  the  alkaline  earths  and  acetylene,  the 
product  of  their  decomposition,  deserve  the  most  careful 
attention.  But  before  far-reaching  speculations  can  be  made  in 
this  field,  it  is  necessary  to  determine  the  cost  of  production, 
especially  of  the  calcium  carbide.  It  would  be  agreeable  to  find 
that  the  estimates  made  by  the  author  and  by  Willson  were  too 
high.  As  soon  as  practical  experience  in  this  direction  shall 
have  been  gained  with  large  installations,  the  inferences  to  be 
drawn  will  become  self-evident. 

Finally,  as  to  the  locality  in  which  the  carbide  industries  will 
ultimately  be  developed,  there  is  no  doubt  that  in  the  first  place 
the  fortunate  possessors  of  water-power  will  take  up  the  manu- 
facture. But  there  are  many  other  sources  of  power  unutilised, 
which  at  any  moment  might  enter  into  competition,  and  among 
these  are  especially  to  be  noted  iron-works  and  coke-ovens. 
The  waste  gases  of  the  blast-furnace  and  of  the  coke-oven  at 
present  supply,  in  most  instances,  more  than  sufficient  power  to 
drive  the^  whole  of  the  machinery  of  the  works,  ^nd  the 
majority  of  these  works  are  intentionally  somewhat  extravagant 
in  the  installation  of  their  boilers  and  machinery,  in  order  to 
get  rid  of  this  troublesome  profusion  of  gas.  TJie  iurplua  energy 
which  passes  away  unused  in  many  modem  toorks  of  ihis  descrip- 
iiofty  exceeds  not  only  hundreds,  but  even  thousands,  of  horsepower 
units.  There  is  here  open,  then,  a  field  which,  from  the  stand- 
point of  national  economy,  can  and  will  be  at  once  successfully 
utilised  by  electro-chemistry.  The  electro-smelting  process 
adapts  itself  peculiarly  easily  to  the  often  varying  conditions 
which  obtain  in  some  works,  and  it  will  be  to  the  advantage 
of  the  iron  trade  to  turn  to  its  own  uses  the  young  industry  of 
electro-metallurgy. 
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CHAPTER  I. 
ALUMINIUM. 


Properties  of  the  Metal. — Aluminium  (Al ;  atomic  weight  —  27, 
specific  gravity  =  2'6  to  2*74)  is  the  most  important  of  the  earth 
metals.  It  possesses  a  white  colour  and  a  high  lustre,  and  its 
fractured  sur&ce  shows  a  crystalline  structure.  It  fuses  at 
about  700*"  0.  Its  low  specific  gravity  renders  it  especially 
useful  for  many  purposes.  At  ordinary  temperatures  it  shows 
a  remarkable  resistance  to  atmospheric  action,  and,  even  at 
higher,  temperatures,  such  as  are  required  for  melting  and  cast- 
ing operations,  the  almost  imperceptible  film  of  oxide  that  is 
formed  on  the  surface  protects  the  metal  from  further  oxidation. 
Water  and  dilute  organic  acids  act  scarcely  at  all  upon 
aluminium,  but  the  latter  substances  begin  to  attack  it  slowly 
on  boiling.  Nitric  acid  is  almost  without  action  upon  the 
metal,  sulphuric  acid  dissolves  it  slowly,  but  hydrochloric  acid 
and  caustic  soda,  on  the  contrary,  attack  it  energetically. 
Aluminium  precipitates  most  of  the  other  metals  from  solu- 
tions of  their  salts,  and  reduces  the  majority  of  oxides  when 
in  the  molten  state,  as  well  as  those  of  carbon,  silicon,  and 
boron,  the  excess  of  aluminium  alloying  itself  with  the  reduced 
substance. 

Ooourrenoe  of  Aluminium  in  Nature. — Aluminium  is 
found  in  nature  only  in  the  combined  state.  All  the  com- 
pounds of  aluminium  may  be  derived  from  the  oxide,  AI2O3, 
and  hydroxide,  Alj/OH)^;  from  the  former  are  derived  the 
sulphide,  Al^Sg,  ana  the  salts  which  contain  alumina  as  the 
base;  and  from  the  latter  the  aluminates,  which  are  salts 
containing  the  aluminium  in  the  acid  radical.  Of  the  com- 
pounds that  occur  naturally,  the  oxide  forms  the  basis  of 
corandum,  sapphire,  and  emery;  the  hydroxide  is  present  in 
diaspore,  bauxite,  and  hydrargillite ;  and  the  salts  are  thus 
represented  : — The  fluoride  by  cryolite ;  the  sulphate  by  the 
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alnms,  alunite,  and  alum  shale;  the  silicates  by  the  felspars 
and  their  products  of  decomposition,  the  clays  (kaolin,  tbc.) 
Among  these  minerals,  corundum  and  sapphire  are  used  as 
precious  stones,  emery  for  polishing  and  grinding,  and  felspar  and 
clay  for  the  manufacture  of  building-stones,  firebricks,  pottery, 
earthenware,  stoneware,  and  porcelain.  Chemical  processes  of 
a  more  or  less  simple  kind  are  employed  to  utilise  alunite  and 
alum  shale  in  the  manufacture  of  alum  ;  cryolite  in  that  of  soda 
and  pure  aluminium  hydroxide  and  oxide  ;  and  the  hydroxide 
in  producing  the  pure  oxide  and  hydroxide;  whilst  corundum 
was  used  in  the  Cowles  process  for  the  direct  production  of 
aluminium  alloys.  None  of  the  minerals  can  be  utilised  for  the 
extraction  of  pure  aluminium. 

The  abundance  of  natural  compounds  of  aluminium,  the  Talu- 
able  properties  of  the  metal,  and,  finally,  the  difficulties,  which 
must  not  be  under^estimated,  connected  with  the  successful  decom- 
position of  the  raw  material  that  is  present  in  such  abundance, 
sufficiently  explain  how  it  is  that  the  number  of  researches,  of 
inventions  (either  actual  or  merely  patented),  and  of  more  or 
less  timid  suggestions,  has  become  almost  interminable.  For  the 
better  estimation  of  the  value  of  the  processes  which  have  been 
employed  in  the  reduction  of  aluminium,  it  will  be  desirable  to 
consider  separately  the  different  divisions  or  groups  into  which, 
from  the  metallurgical  point  of  view,  they  may  be  classed,  viz.: — 
Precipitation,  Redaction,  and  Electrolytic  Processes. 

Precipitation  Processes  of  Extracting  AinTniTi^iiTw  — 
Having  regard  to  the  scope  of  this  book,  a  short' account  of  the 
more  prominent  processes  of  this  class  must  suffice,  for  the 
precipitation  of  one  metal  by  the  addition  of  another  is  an 
operation  which  belongs  to  pure  chemistry  rather  than  to 
electro-m  e  tallurgy . 

Oerstedt,*^  in  the  year  1824,  was  the  first  to  attempt  the 
decomposition  of  aluminium  chloride  by  means  of  potassium 
amalgam,  but  evidently  without  result;  for  other  reliable 
experimenters,  working  according  to  his  directions,  failed  to 
obtain  any  aluminium.  Wohler,t  however,  in  1827,  was 
successful  in  reducing  the  anhydrous  chloride  by  means  of 
potassium.  Later,  Deville|  obviated  the  difficulties  connected 
with  the  production  and  use  of  aluminium  chloride  by  employ- 
ing the  double  chloride  of  aluminium  and  sodium  instead ; 
and  he  further  substituted  the  much  cheaper  metal  sodium  for 
the  potassium  recommended  by  Wbhler.  The  process  was 
actually  cofiducted  on  these  lines  for  thirty  years  in  France 
(first  at  Nanterre   and   later  at  Salindres),  and  for  a  time  in 

*0er8tedt,  Overs,  o,  d.  Danshe  Vidensk,  Selsk,  ForhandL,  &c.,  1824-25. 
t  Wtthler,  Pogg.  Ann.y  1827,  vol.  xi.,  and  Liebig^aAnn.,  voL  liii. 
tAnn.  de  Chimie  et  de  Physvpie,  1854,  vol.  xlix.     See  also  H.  St.  Claire- 
Deville,  De  I* Aluminium^  Paris,  1859. 
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England  also.  In  1855  Rose'*'  proposed  the  substitution  of  the 
mineral  fluoride  (cryolite)  for  the  chloride;  and  in  place  of 
sodium,  the  use  of  which  had  been  retained  by  Rose,  Beketofff 
employed  magnesium.  But  the  pnncipal  interest  at  present 
centres  in  Grabau's  process,!  which  is  excellent  in  all  its  details. 
In  this  process,  solutions  of  sulphate  of  alumina  are  first  treated 
with  cryolite,  in  order  to  obtain  the  aluminium  entirely  in  the 
form  of  fluoride,  according  to  the  equation  : — 

Al9(S04)8  +  AljFe .  6NaF  =  2AlsF«  +  3Na,S04. 

The  aluminium  fluoride,  which  is  insoluble  in  water,  is  filtered 
ofl*,  washed,  dried,  and  heated  to  an  incipient  red  heat,  and  is 
then  at  once  charged  into  a  cold  vessel  lined  with  pure  cryolite. 
The  required  quantity  of  dry  sodium,  in  the  form  of  a  cube  or 
cylinder,  is  now  placed  upon  the  hot  powder,  and  the  vessel  is 
immediately  covered  up.  The  following  reaction  then  occurs, 
accompanied  by  a  great  evolution  of  heat ;  but  in  other  respects 
it  proceeds  quite  quietly  : — 

2AI2F6  +  3Nas  =  Ala  +  Al,Fe  .  6NaF. 

The  aluminium  is  afterwards  found  at  the  bottom  of  the 
vessel,  melted  to  a  regulus,  and  covered  with  a  slag  of  cryolite, 
which  has  been  completely  fused  owing  to  the  heat  ot  the 
reaction.  The  latter  bye-product  is  available  for  the  production 
of  fresh  quantities  of  aluminium  fluoride.  Of  all  the  chemical 
processes,  this  is  the  only  one  which,  given  a  cheap  method  of 
producing  sodium,  is  ever  likely  to  come  into  competition  with 
the  electro-chemical  methods.  The  metal  obtained  by  this  process 
has  the  advantage  of  being  unusually  pure. 

The  Beduotion  Frooesaes. — For  a  long  time  alumina  was 
held  to  be  non-reducible ;  and  even  to  this  day  statements  to 
that  effect  are  to  be  found  in  the  chemical  text-books.  This 
has  probably  resulted  from  an  erroneous  comprehension  of  the 
fact  that  pure  metallic  aluminium  in  a  form  that  would  be 
useful  in  the  arts  is  never  obtained  by  the  direct  reduction  of 
the  oxide.  In  addition  to  this,  the  high  temperature  necessary 
for  reduction  can  only  be  (or,  at  least,  is  most  advantageously) 
obtained  by  the  conversion  of  electrical  energy  into  heat.  This 
circumstance  has  frequently  given  rise  to  the  assumption  that 
the  reduction  of  aluminium  is  either  entirely  or  in  part  due  to 
electrolytic  agency.  But  the  production  of  the  metal  is  really 
due,  as  will  be  shown  later,  entirely  to  a  redtcction  of  the  oxide 
<>f  aluminium  by  eleeiriccUly  hecUed  carbon. 

The  idea  of  heating  a  material  with  a  high  electrical  resistance 
by  a  powerful  current,  and  of  placing  this  resistance  in  the  most 

*  Pogg.  Ann.f  1855,  vol.  xcvi.  f  JaJiresherieht  der  Cfiemif.,  1865. 

t  German  Patent  47,031.  [English  Patents  14,356,  Oct.  21,  1887,  and 
15,593,  Nov.  14,  1887.] 
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intimate  contact  with  the  mixture  to  he  reduced  (the  material 
being  distributed  uniformly  through  the  whole  mass  and  be- 
coming, ultimately,  a  necessary  constituent  of  such  a  mixture) 
unquestionably  deserves  the  most  careful  attention.  It  is  by  no 
means  a  new  discovery,  and  if  there  be  occasion  for  surprise,  it 
is  less  on  account  of  the  results  that  have  followed  the  applica- 
tion of  this  principle  than  because  these  results  have  been  so 
tardily  effected.  For  the  Fhiloaophical  Transactions^  of  the 
Hoyal  Society  of  so  early  a  date  as  1815  contain  the  first  record 
of  the  metallurgical  application  of  the  heat  generated  by  an 
electric  current  in  a  resistance : — '*  Pepys  .  .  .  bent  a  wire 
of  pure  soft  iron  so  as  to  form  an  angle  in  the  middle,  in  which 
part  he  divided  it  longitudinally  by  a  fine  saw.  In  the  opening 
so  formed  be  placed  diamond  powder,  securing  it  in  its  situation 
by  two  finer  wires,  laid  above  and  below  it,  and  kept  from 
shifting  by  another  small  wire  bound  firmly  and  closely  round 
them.  All  the  wires  were  of  pure  soft  iron,  and  the  part  con- 
taining the  diamond  powder  was  enveloped  by  thin  leaves  of  talc. 
Thus  arranged,  the  apparatus  was  placed  in  the  electrical  circuit, 
when  it  soon  became  red  hot,  and  was  kept  so  for  six  minutes 
.  .  .  On  opening  the  wire,  Mr.  Pepys  found  that  the  whole 
of  the  diamond  had  disappeared,  .  .  .  and  all  that  part  (of 
the  iron)  which  had  been  in  contact  with  the  diamond  was 
converted  into  perfect  blistered  steel.  A  portion  of  it  being 
heated  red  and  plunged  into  water  became  so  hard  as  to  resist 
the  file,  and  to  scratch  glass.'' 

Depretzt  first  described  a  small  apparatus,  which  is  still  very 
suitable  for  many  experiments  :  this  consisted  of  a  tube  of  sugar 
charcoal  rather  more  than  ^  in.  wide,  and  almost  ^  in.  long.  It 
was  closed  by  two  plugs  of  the  same  material,  and,  being  placed 
in  the  circuit  of  a  powerful  electric  current,  became  heated  with 
its  contents  to  a  white  heat. 

Even  if  the  two  arrangements  just  described  have  no  direct 
reference  to  the  reduction  of  aluminium,  they  are,  nevertheless, 
worthy  of  consideration  in  connection  with  certain  patent  speci- 
fications of  a  later  date.  The  application  of  this  principle  to  the 
production  of  aluminium  was  first  proposed  by  Monckton|  in  a 
patent  which  he  took  out  in  England.  A  strong  electric  current 
was  to  be  passed  through  a  reduction  chamber  charged  with 
alumina  and  carbon,  in  order  that  the  mixture  (by  the  agency  of 
the  carbon)  might  be  so  highly  heated  as  to  lead  to  the  reduction 
of  the  earth  metal  by  the  carbon.  At  the  time,  this  process  was 
not  practicable,  commercially  speaking,  for  the  production  of 
aluminium,  even  if  it  could  have  produced  a  sufficiently  pure 
metal,  because  no  adequately  cheap  source  of  electrical  energy 
was  available  until  1867,  when  the  dynamo  was  invented.     But, 

•  PhU,  Trans.,  1815,  vol.  cv.,  p.  371. 

t  Comptes  Bendus,  1849,  voL  xxix.  t  English  Patent  264,  1862. 
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in  addition  to  this,  the  metal  obtained  in  this  way  could  not 
have  paid  for  the  energy  expended ;  for  the  absorption  of  carbon* 
could  not  be  avoided  in  this  process,  and  a  small  proportion  of 
carbon  is  sufficient  to  render  aluminium  useless  for  technical  pur- 
poses; a  certain  loss  of  metal  by  evaporation  would  be  inevitable ; 
and,  finally,  the  product  of  the  reduction  would  be  a  gray, 
brittle,  crumbling  mass,  scarcely  fused,  but  just  fritted  together, 
and  containing,  besides  alui^inium,  aluminium  carbides,  carbon, 
and  other  impurities  which  must  inevitably  be  derived  from  the 
carboii  used  for  reduction.  Underlying  the  process,  however, 
there  was  a  perfectly  sound  principle  which  has  found,  and  will 
find  again,  many  valuable  applications  in  its  proper  sphere  in 
znetallurgy. 

The  Cowles  Frooess. — After  a  long  interval,  the  Brothers 
Oowles  introduced  (in  1884)  a  process,  by  which  there  was  made 
available  for  use  a  number  of  alloys,  of  which  the  valuable 
properties  had  been  in  part  known  for  a  long  time.  Considering 
that  the  impossibility  of  producing  a  sufficiently  pure  metal  by 
the  direct  reduction  of  alumina  with  carbon  has  been  proved, 
the  invention  of  Cowles  must  be  regarded  as  particularly  fortu- 
nate, for  it  consisted  in  alloying  the  aluminium,  at  the  very 
moment  of  its  production,  with  another  metal,  and  so  avoiding 
the  absorption  of  carbon,  or  at  least  reducing  it  to  harmless 
proportions.  But  without  any  wish  to  begrudge  to  the  inventors 
the  recognition  that  is  commonly  awarded  them,  it  must  yet  be 
noted  that  their  patent  specification  covered  too  wide  a  field. 
In  the  principal  patent  t  it  is  stated  that  the  invention  refers  to 
a  class  of  furnace  in  which  the  electric  current  is  employed  as 
the  sole  source  of  heat.  Previous  attempts  had  been  made,  it 
was  said,  to  reduce  ores  and  to  conduct  other  metallurgical 
operations  with  the  aid  of  the  electric  arc ;  but  this  invention 
consisted  chiefly  in  the  use  of  a  granulated  material  of  high 
resistance,  or  low  electrical  conductivity,  so  connected  in  an 
electric  circuit  that  it  formed  an  uninterrupted  part  of  the  same. 
In  consequence  of  its  high  resistance,  it  became  red  hot,  and 
afforded  all  the  heat  required.  The  substance  to  be  reduced  was 
mixed  with  this  granular  material,  and  thus  absorbed  the  heat 
at  the  very  place  of  its  production. 

*  As  the  existence  of  compounds  or  '*  alloys  '*  of  alnmininm  and  carbon  has 
been  disputed,  reference  may  here  be  made  to  an  account  in  the  ZeiUchrift 
fUr  EUctroUdknik  und  EUktraehemie  (1894,  part  6),  in  which  is  described 
a  crystallised  aluminium  carbide,  GsAlf,  obtained  by  Moissan  in  the  follow- 
iDf^  way  {vifle  Camptes  Bendus,  1894,  vol.  cxiz.,  p.  16):  15to20grms. 
[about  i  oz.]  of  aluminium  were  placed  in  a  carbon  boat,  and  enclosed 
within  a  carbon  tube,  which  was  then  heated  for  5  or  6  minutes  in  his 
electric  furnace  by  a  current  of  65  volts  x  300  amperes.  Throughout  the 
heating  and  subsequent  cooling  of  the  apparatus  an  atmosphere  of  nydrogen 
was  maintained  within  the  tube.  The  mass,  when  cold,  exhibited  yellow 
translucent  crystals  of  the  carbide.  t  U.S.  A.  Patent  319,795. 
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The  conversion  of  iron  into  steel  must  undoubtedly  be  re- 
cognised as  a  metallurgical  operation.  If  then  Pepys,  in  the 
year  1815,  as  shown  on  p.  104,  accomplished  such  an  operation 
by  using  a  constituent  part  of  the  mixture  as  a  resistance  in  an 
electric  circuit,  and  thus  brought  it  to  a  red  heat  by  the  applica- 
tion of  a  powerful  current,  while  the  other  constituent  of  the 
mixture  was  in  direct  contact  with  it,  he  was  undoubtedly 
working  in  exact  agreement  with  the  specification  of  the  Cowles 
patent,  published  in  America  seventy  years  later.  It  was  by  an 
application  of  exactly  the  same  principle  that  Depretz  (p.  104), 
in  the  year  1849,  placed  a  diamond  in  a  tube  of  sugar-charcoal^ 
and  included  this  in  a  powerful  electric  circuit,  with  the  object 
of  ascertaining  the  behaviour  of  the  gem  in  a  neutral  atmosphere 
at  high  temperature.  Finally,  it  might  well  be  claimed  for 
Monckton  that  he  anticipated  the  Cowles  patent  as  far  as  it 
refers  to  the  reduction  of  alumina,  by  his  specification  published 
in  1862  (p.  104). 

These  circumstances,  however,  can  in  no  way  be  said  to 
detract  from  the  service  which  the  Brothers  Cowles  have  done 
in  introducing  so  simple  a  process  for  the  manufacture  of 
aluminium  alloys. 

Instead  of  entering  minutely  into  the  details  of  the  various 
forms  of  furnace  which  are  specified  in  the  numerous  Cowles 
patents,  it  will  suffice  here  to  describe  a  smelting  installation  on 
this  system,  concerning  which  detailed  accounts  have  been 
published.  This  installation,  which  was  put  down  several  years 
ago  in  the  factory  of  the  "  Cowles  Syndicate  Company,"  has 
been  for  some  time  out  of  operation.*  A  400  H.P.  Cronipton's 
dynamo  gave  a  current  of  60  volts  x  5000  to  6000  amperes. 
The  smelting  furnaces  were  built  of  fireclay,  and  were  rectangular 
in  cross-section.  They  were  arranged  side  by  side  in  a  long 
row,  but  were  only  put  in  operation  one  at  a  time,  while  the 
others  were  in  various  stages  of  cooling,  emptying,  or  charging. 
The  current  was  conveyed  to  and  from  the  battery  of  furnaces 
by  two  stout  copper  bars  running  horizontally  along  the  whole 
length  of  the  plant,  and  at  a  convenient  height  above  it,  one  of 
these  being  above  the  fronts,  the  other  over  the  backs  of  the 
smelting  chambers.  Running  upon  each  of  these  rails  was  a 
copper  clamp,  mounted  on  wheels,  with  flexible  cables  of  copper 
wire  attached  to  it ;  the  other  ends  of  the  cables  were  also  held 
together  by  clamps.  A  suitable  opening  in  each  of  the  lower 
clamps  permitted  the  latter  to  be  hung  upon  copper  bars, 
corresponding  in  shape  to  the  aperture,  by  which  means  electrical 
connection  could  be  made  with  the  electrodes.  Every  electrode 
consisted  of  a  bundle  of  from  7  to  9  carbon  rods,  each  2^  in.  in 
diameter,  around  which  a  cylindrical  head  piece  was  cast,  of 
iron  (if  ferro-aluminium  were  being  produced  in  the  furnace), 

*  Industriea,  1888,  p.  237. 
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or  of  copper  (if  aluminium-bronze  were  under  manufacture). 
Into  the  midst  of  this  head  piece  was  cast  one  of  the  copper  bars 
referred  to  above.  The  electrodes  were  introduced  into  the 
smelting  chamber  through  suitably  laid  cast-iron  tubes  in  opposite 
walls  of  the  furnace.  By  adjusting  a  simple  screw,  the  electrodes 
coiild  be  moved  backwards  or  forwards,  as  might  be  uecessary 
for  the  regulation  of  the  current.  In  preparing  the  furnace  for 
use,  the  bottom  was  first  covered  with  a  layer  of  limed  wood- 
charcoal,  and  then  the  electrodes  were  introduced ;  a  frame  of 
sheet  iron  was  next  placed  in  the  furnace,  and  the  space  within 
it  was  charged  with  a  mixture  of  ore,  metal,  and  charcoal,  whilst 
that  between  the  frame  and  the  walls  of  the  chamber  was  filled 


Fig.  91. — Cowlw'  plant  for  manufacture  of  ftlumimum  alloyi, 

with  charcoal  only,  and  the  frame  was  then  withdrawn.  Some 
fragments  of  retort  carbon  were  thrown  into  the  furnace  to  form 
a  bridge  for  the  current,  and,  finally,  the  empty  space  still  left 
was  filled  up  with  charcoal,  and  the  whole  was  surmounted  by  a 
cast-iron  cover.  In  the  centre  of  this  cover  there  was  an  opening 
for  the  escape  of  gases  generated  during  the  smelting  operation, 
the  gaees  were  enkindled,  and  the  products  of  combustion  were 
led  through  a  tube  into  a  furnace  in  which  any  alumina  that 
they  might  contain  should  be  deposited.  The  melted  alloy 
accumulated  on  the  hearth  of  the  furnace,  and  was  run  off 
through  a  taphole  placed  there  for  the  purpose.  The  slag, 
vhioh  consisted  of  a  very  intimate  mixture  of  alloy  and  charcoal, 


108  ELECTRIC  8HBLTINO  AND   BEFINIBQ. 

was  powdered  &Dd  washed  to  separate  the  charcoal,  tfae  reBidoal 
atlof  being  introduced  into  the  furnace  with  a  fresh  charge. 

In  tlie  furnace  above  described,  from  15  to  20  cwta.  of  ferro- 
aluminium  or  aluminium-bronze,  containing  15  to  17  per  cent, 
of  aluminium  could  be  produced  daily.  The  bronze  was 
remelted  with  the  requisite  proportion  of  copper  to  yield  the 
alloys  required  for  the  market,  containing  respeotively  1-25,  2-5, 
5,  7'5,  and  10  per  cent,  of  aluminium,  and  was  cast  into  ingots 
weighing  from  10  to  12  lbs.  each.     The  average  electrical  power 


l^Hg.  S2. — Th«  Cowles  fumaoe  (loogitndinal  lectioD). 


Fig.  53. — The  Cowlea  furnace  [crou  lectioD). 

required  amounted  to  50  horse-power  hours  per  kg.  ^which  is 
nearly  equivalent  to  23  H.F.  hours  per  lb.]  of  aluminium.  A 
general  view  of  a  sm  el  ting-house  is  shown  in  Fig.  51,  whilst  Fig. 
52  gives  a  longitudinal-,  and  Fig.  53  a  cross'section  of  a  single 
furnace.  In  these  drawings,  £  E,  are  electrodes,  consisting  of 
9  carbon  rods,  each  about  1|  in.  thick,  around  which  are  cast  the 
cylindrical  metal  blocks,  M.  At  the  ends  of  these  blocks, 
opposite  to  the  carbons,  the  copper  rods,  K,  are  introduced. 
The  whole  arrangement  slides  in  the  tube,  K,  and  may  be  moved 
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in  either  direction  with  the  aid  of  the  screw,  S,  and  the  nut, 
which  forms  part  of  the  collar,  Z,  attached  to  K.  The  current  is 
conveyed  by  the  copper  wire  cables,  L,  which  are  gripped  by  the 
copper  clamp,  Y ;  and  this  in  turn  is  rested  on  the  conical  end  of 
the  rod,  K,  which  projects  beyond  the  mouth  of  the  tube,  JR. 
The  cast-iron  guide-block,  F,  serves  to  keep  the  rod,  K,  in  place. 

Theory  of  the  Cowles  Frocess. — It  is  evident  from  an 
inspection  of  Fig.  52,  which  shows  the  usual  arrangement  of  the 
carbon  rods  within  the  furnace  during  the  operation  of  smelting, 
that  these  rods,  so  often  falsely  termed  electrodes  in  descriptions 
of  the  plant,  are  really  only  resistances  introduced  into  the 
circuit  of  a  powerful  current.  It  is  they  which  are  first 
heated,  and  which  then  impart  their  heat  to  the  surrounding 
charge.  By  degrees  the  particles  of  carbon  in  the  mixture 
form  part  of  the  circuit,  and  so  also  act  as  resistances, 
whilst  the  rods,  E,  become  partly  burned  by  the  oxygen  of  the 
metallic  oxides. 

Hampe*  refuses  to  admit  that  the  heat  generated  by  the 
current  can  alone  suffice  to  bring  about  the  reduction  of  alumina 
by  carbon,  because  many  attempts  to  reduce  alumina  by  carbon 
in  the  presence  of  copper  or  copper  oxide  have  given  negative 
results,  even  though  the  high  temperature  of  a  Deville's  furnace 
was  employed.  These  experiments  have  led  him  to  the 
following  conclusions : — 

''If  a  temperature  nearly  equal  to  the  melting  point  of 
quartz  be  insufficient  to  enable  carbon  to  reduce  alumina  in  the 
presence  of  copper,  it  is  certain  that  the  temperature  of  the 
electric  furnace,  although  it  is  much  higher  than  this,  will  also 
&i].  I  believe,  therefore,  that  the  pi^uction  of  aluminium- 
bronze  by  the  Cowles  process  is  dependent  far  less  upon  a 
(chemical)  dissociation  of  alumina  in  the  electric  furnace 
than  upon  the  electrolytic  decomposition  of  the  alumina  by 
the  current  passing  through  it,  the  earth  being  brought  into 
a  state  of  fusion  by  the  electric  arc.  According  to  my  view, 
then,  the  action  of  the  electric  arc  is  primarily  electro-thermic, 
but  it  is  also  distinctly  electrolytic." 

The  author  cannot  agree  with  this  view,  but  believes,  on  the 
contrary,  as  a  result  of  his  observations,  that  the  decomposition 
of  the  alumina  in  the  Cowles  furnace  is  attributable  solely  to  the 
influence  of  the  heat  generated  by  the  current  in  the  resistance  that 
is  ini/roduced  into  the  circuit;  and,  further,  that  it  is  not 
necessary  to  employ  the  higher  temperature  obtainable  by  the 
agency  of  the  electric  current  in  order  to  bring  about  the  desired 
result.  It  is  not  beyond  the  range  of  possibility  that  even  the 
temperature  of  a  Deville's  furnace  should  suffice  for  the  initiation 
and  completion  of  the  reaction.  It  is  not  possible,  however, 
with  such  an  apparatus  to  fulfil  all  the  conditions  that  obtain  in 

*  Chemiker  Zeitung,  1888,  p.  391. 


110  ELECTRIC   BllELTINO   AND   REFINING. 

the  electric  furnace.  For  if  a  charge  be  placed  in  one  er,  as  in 
Hampe's  experiiuent,  two  crucibles,  and  be  then  submitted  to 
the  very  hif^b  temperature  of  one  of  the  best  of  these  ordinar; 
furnaces,  the  heat  of  the  surrounding  fuel  will  be  imparted  but 
slowly  to  the  mixture  enclosed  in  the  crucibles.  The  temperature 
of  the  charge,  therefore,  rises  quite  gradually  to  the  melting 
point  of  copper  or  the  reduction  temperature  of  copper  oxide, 
and  long  before  the  alumini  and  carbon  shall  have  attained  the 
temperature  at  which  aluminium  could  be  produced,  the  copper 
will  have  liqiiateJ  out  more  or  less  from  the  mixture.  The 
evolution  of  heat  from  the  union  of  copper  with  aluminium, 
that  Hampe  had  hoped  would  favour  the  reaction,  cannot  occur 
until  some  free  aluminiam  has  been  actually  produced. 

The  conditions  in  the  Oowles  furnace  are  quite  unlike  those  just 
described.  In  this  case,  one  of  the  charge  constituents  that  is 
to  take  part  in  the  reaation — viz.,  the  carbon  required  for  the 
reduction — is  almost  instantaneously  raised  to  a  temperature 
which,  as  will  be  seen  from  an  experiment  shortly  to  be 
mentioned,  is  amply  sufficient  for  the  reduction  of  the  alumina. 
Copper  or  copper  oxide  is  not  esieatial  to  the  reaction,  but  is 
added  simply  with  the  object  of  obtaining  the  aluminium  in  a 
serviceable  form  as  an  alloy,  since  without  tbis  addition  the 
aluminium  would  combine  with  a  portion  of  the  excess  carbon 
to  form  a  completely  useless  material,  which  no  subsequent 
refining  operations  would  purify. 

Therm&l  Beduotion  of  Alamlna  b;  Carbon. — The  author's 
assertion  may  be  proved  by  the  following  experiment  {Fig  54) : — 


Fig.  54.  — Arrangement  to  show  direct  reduction  of  alumiDa  hj  carbon, 

A  thin  carbon  pencil,  W,  about  ^  in.  wide  and  1{  in.  long,  is 
fixed  between  two  stout  carbon  rods,  K,  about  1  to  I^  in.  in 
diameter.  This  pencil  is  passed  through  a  small  paper  bag,  F, 
about  1^  in.  in  length,  filled  with  an  intimate  mixture,  M,  of 
alumina  and  carbon.  The  mixture  is  prepared  by  repeatedly 
mixing  and  heatin^r  aluminium  hydroxide  with  tar.  The  ends 
of  the  paper  cartridge  are  closed  by  small  cork  plates,  and  the 
irbole   is   packed   in  coarse  charcoal   powder.      The   electrical 
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connections  are  now  made,  and  a  current  of  35  to  40  amperes  is 
passed  through  the  arrangement  for  from  two  to  three  minutes. 
After  the  cartridge  has  cooled  sufficiently,  the  charcoal  powder 
is  removed,  and  the  carbon  pencil  will  be  found  surrounded  with 
a  fritted  mass,  which,  on  examination,  will  prove  to  be  aluminium 
containing  a  considerable  proportion  of  carbon.  The  possibility 
of  an  electric  arc  having  been  formed  is  excluded  by  the  coudi- 
tions  of  the  experiment,  and,  in  the  absence  of  any  break  in  the 
conducting  circuit  within  the  charge  mixture,  the  occurrence  of 
electrolytic  decomposition  is  also  negatived.  It  is  unnecessary 
to  point  out  that  an  admixture  of  copper  or  copper  oxide  with 
the  charge  would  have  led  to  the  production  of  aluminium- 
bronze.  With  a  simple  arrangement  of  the  above  type  it  is, 
therefore,  easy  to  test  the  validity  of  the  assertion  previously 
made,  that  given  a  sufficiently  high  temperatn/re  all  metallic  oxides 
are  capable  of  being  reduced  by  carbon. 

As  above  explained,  it  was  necessary,  in  order  to  produce  the 
temperature  required  for  the  reduction  of  alumina,  to  pass  a 
current  of  35  to  40  amperes  through  the  \  in.  carbon  pencil;  this 
is  equivalent  to  5  to  6  amperes  per  sq.  mm.  [3200  to  3800  amps, 
per  sq.  in.].  A  current  of  10  amperes  per  sq.  mm.  [6500  amps, 
per  sq.  in.]  will  suffice  for  the  most  difficult  case,  and  should 
yield  a  temperature  which,  under  these  conditions,  will  effect 
the  reduction  of  any  metal. 

The  electromotive  force  required  to  overcome  the  resistance 
•of  such  a  carbon  pencil,  1}  in.  long,  with  the  production  of  a 
current  ranging  between  the  above-named  limits  of  density, 
would  be  10  to  17  volts.  With  the  aid  of  these  data  it  is  easy  to 
construct  a  resistance  that  shall  be  suitable  to  the  current 
•employed  in  any  given  experiment.  It  must,  however,  be 
pointed  out  that  an  attempt  to  work  with  a  smaller  current  than 
that  named  above  will  lead  to  great  inconvenience  and  many 
derangements  of  plant,  because  very  thin  carbon  pencils  are 
easily  broken,  and  may  become  burned  through  by  the  oxygen 
of  the  metallic  oxides  within  the  first  minute  of  use,  even  in 
presence  of  an  excess  of  carbon  in  the  surrounding  mixture. 

Tests  made  with  the  most  varied  descriptions  of  carbon  rods, 
such  as  are  used  in  arc-lamps  (pencils  \  U>\  in.  thick  being  specially 
made  for  this  purpose),  have  led  to  the  adoption  of  the  following 
average  numbei*s  as  sufficiently  accurate  for  general  calcula- 
tions : — An  electromotive  force  of  0*3  to  0*4  volt  is  necessary  to 
drive  a  current  of  1  ampere  through  1  mm.  of  a  carbon  pencil 
at  the  temperatures  of  these  experiments,  with  a  current  density 
of  6  to  10  amperes  per  sq.  mm.  [4000  to  6500  amperes  per  sq. 
in.]  of  sectional  area. 

Modifled  Borchers'  Besistance  Fumaoe. — Reference  may 
here  be  made  to  certain  forms  of  apparatus  which  the  author 
has  constructed,  upon  the  principle  of  that  described  above,  and 
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for  experiments  in  this  direction.  They  vary  only  in  the 
arrangement  of  the  so-called  armatare.  One  of  the  simplest 
forms  is  that  shown  in  Fig.  55.  The 
plumbago  crucible,  T,  containa  the  mix- 
ture of  oxide  and  carbon,  0,  and  at  the 
same  time  forms  one  of  the  electrodes. 
The  thick  carbon  rod,  K,  forms  the  other 
electrode,  and  between  them  is  the  thin 
carbon  pencil,  W.  The  firebrick,  S,  per- 
forated in  the  centre,  acta  as  a  cover  to 
the  crucible  and  as  a  guide  block  to  the 
rod,  K.  The  copper  clamps,  C,  and  the 
copper  wires,  D,  convey  a  current  to  the 
apparatus  sufficient  to  bring  the  rod,  W, 
to  the  required  temperature. 
Fia   66  —Modified  ex  ^^°  other  forms  of  tbe  apparatus  •  are 

LrimVntal    Borchera'     shown  in  Figs,  56  to  58.     In  the  former 
tumace.  (F>SB.  S6,  57),  a  cast-iron  crucible  holder 

is  used ;  this  consists  of  a  base  plate,  F, 
with  a  block,  B,  firmly  fastened  to,  or  cast  in  one  piece  with, 
it.     There  is  also  a  second  movable  block,  S,  which  may  be 


Figi.  56.  Fig.  67. 

Modified  Borchera'  furnace  in  section,  and  in  plan. 

drawn  close  to  B  by  means  of  a  screw  or  spring,  and  the 
wrought-iron  band,  Z.  A  groove  is  out  in  each  block  to 
receive  the  small  iron  plate,  O.  This  arrangement  Berves  the 
*Boi«heTB',  "Proben,"  in  ZtUtehrifl  fir  an^euKindU  CAemie,  1892, 
p.  133. 
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double  purpose  of  giving  support  to  the  crucible,  T,  and  of 
acting  as  a  guide  to  the  block,  3,  when  it  ia  caused  to  approach 
B.  If  necessary,  by  reason  of  the  crucible  being  too  abort,  a 
plate  of  fireclay  or  asbestos,  A,  may  be  placed  between  G 
and  the  crucible.  Under  certain  circumatanceB,  it  is  possible 
to  use  the  same  crucible  several  times,  if  at  least  it  be  made  of 
a  good  dense  carbon  or  graphite,  because  the  solidified  charge 
may  generally  be  loosened  and  extracted  from  it  very  easily 
without  any  appreciable  damage  to  the  inner  surface  ;  and  the 
exterior  can  never  be  attacked,  because  the  healing  of  the 
charge  proceeds  from  the  centre  outwards.  It  is,  therefore, 
only  necessary  from  time  to  time  to  out  or  grind  away  such 
portions  of  the  top  of  the  crucible  aa  have  become  burned  or 
chipped,  and  to  deepen  the  cavity  somewhat  by  means  of  a 
suitable  boring  tool. 

In  order  that  it  may  not  be  necessary  to  use  a  separate  holder 
for  every  different  shape  or  size  of  crucible,  the  loose  collar,  L,  ia 
used,  shaped  to  correspond  with 
the  outer  form  of  the  crucible,  and 
made  of  some  metal  that  is  a  good 
conductor  of  electricity.  These 
are  made  in  two  parts  like  the 
bearings  of  shafts,  or  plumnier 
blocks,  and  are  simply  hung  within 
the  cheeks,  B  and  S.  The  other 
parts  of  the  apparatus — namely, 
the  fireclay  jacket,  C,  the  carbon 
rods,  K.  and  k,  and  the  carbon- 
holder,  a— correspond  exactly  with 
the  simiUr  portions  of  the  furnace 
shown  in  Fig.  55,  and  therefore 
require  no  further  description. 
Fig.  66  shows  the  apparatus  in 
Tertical  section,  with  the  omission 
of  a  few  unimportant  details ;  Fig, 
C>7  is  a  horizontal  section  through 
the  orudble  holder,  with  the  band, 
Z,  removed.  From  the  two  figures, 
tbe  use  of  Q  as  a  guide  for  the  two 
plates  B  and  S  can  be  clearly  made 
out. 

Finally,  Fig.  58  ahows  a  crucible 
support  which  the  author  has  de-  ^B-  S8. 

vised  to  take  crucibles  of  different  fiorohera'  rapport  tor  orucible. 
diameters,  provided  that  the  vana-  of  different  diametera. 

tion  be  not  too  great.   The  screw,  S, 

is  let  into  the  base  plate,  F,  the  nut,  M,  is  provided  with  channels 
in  its  circumference,  into  which  the  springs,  E,  made  of  metal  plate 
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about  ^^  in.  thick  and  \  in.  wide,  are  clamped  by  the  ring-shaped 
wedge,  R.  The  number  of  springs  required  will  depend  upon 
the  diameters  of  the  nut  and  the  crucible ;  but  to  ensure  good 
contact  with  the  carbon  crucible,  not  fewer  than  eight  should  be 
emph)yed.  Over  the  springs  is  passed  a  sheet-iron  ring,  O, 
which  is  proportioned  to  the  size  of  the  crucible,  so  that  by 
using  different  rings  the  apparatus  may  be  adapted  to  various 
sizes  of  crucible.  The  metal  ring,  P,  which  is  in  connection  with 
one  pole  of  the  electric  generator,  is  screwed  over  the  spindle, 
S,  before  the  crucible  clamp  is  put  into  position.  The  remaining 
letters,  T,  K,  ^,  C,  s^  indicate  parts  corresponding  to  those  simi- 
larly lettered  in  Figs.  56  and  67. 
■  The  manner  of  using  these  holders  is  ordinarily  as  follows  : — 
The  thin  carbon  rod  is  first  placed  in  the  crucible,  then  the 
charge  is  introduced  and  pressed  down  gently,  the  fireclay  jacket 
is  next  dropped  over  the  crucible,  and,  finally,  the  thick  carbon 
rod  is  brought  into  intimate  contact  with  the  smaller  pencil  by 
the  application  of  a  gentle  pressure.  The  electric  circuit  may 
then  be  closed.  By  the  employment  of  any  of  the  ordinary 
simple  forms  of  regulator,  it  is  possible  to  reduce  the  current, 
and  therefore  the  heating  effect,  instantaneously  from  the 
maximum  to  practically  nil ;  or  it  may  be  varied  at  will  between 
these  limits. 
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AIiITMINIXJM. 

Electrolysis  of  Aqueous  Solutions. — In  order  to  trace 
without  interruption  the  history  of  the  development  of  the 
only  electrolytic  methods  that  are  technically  practicable,  it  is 
desirable  to  consider  separately  a  whole  class  of  impracticable 
inventions,  which  pretend  to  effect  the  electrolysis  of  aqueous 
solutions. 

The  electrolysis  of  aluminium  salts  in  aqueous  solution,  or  in 
solvents  which  contain  hydrogen  and  oxygen,  always  affords 
hydroxides  and  never  the  metal.  In  spite  of  this  well-known 
fact,  inventors  are  found  here  and  there  who  profess  to  have 
obtained  the  metal  under  ordinary  circumstances  by  the  direct 
action  of  the  current  upon  aqueous  solutions  of  aluminium  salts; 
but  the  author,  after  many  experiments  in  this  direction,  is  led 
to  the  conviction  that  they  have  by  some  chance  fallen  into  error. 
In  many  instances  it  can  be  proved,  almost  with  certainty,  that 
some  metal,  other  than  aluminium,  has  been  deposited;  and 
it  is  in  these  cases  easy  to  discover  the  source  of  the  metal  which, 
in  some  of  its  properties,  closely  resembles  aluminii^m  or  an  alloy 
of  that  metal.  Nevertheless,  a  short  account  will  be  given  of 
some  of  the  proposals  that  have  been  patented  or  otherwise 


ALUKINIUM.  115 

brought  before  the  public.     The  earliest  records  in  this  subject 
consist  of  two  English  patent  specifications. 

Thomas  and  Tilley  *  claimed  to  electrolyse  aqueous  solution  of 
freshly  precipitated  aluminium  hydroxide  in  potassium  cyanide. 

Corbellif  proposed  the  use  of  an  electrolyte  containing  2 
parts  of  aluminium  sulphate  or  alum,  with  1  part  of  calcium 
chloride  or  common  salt,  dissolved  in  7  parts  of  water.  The 
anode  was  to  be  mercury  ( !),  the  cathode  zinc. 

The  first  August  number  of  Dingier' 8  Journal  in  1854  con- 
tained the  following  report,  accompanied  by  a  criticism  that  was 
by  no  means  flattering  : — 

"  Reported  Frooess  for  the  Oo4ting  of  Copper  with  Aluminium  and 
Silicon  by  Qalvanio  Means. — To  obtain  the  alaminiuin,  I  boiled  an  exoen 
of  dry  hydrate  of  alumina  in  hydrochloric  acid  for  one  hoar,  then  poured 
o£f  the  clear  liqnid,  and  added  to  it  about  one-sixth  of  its  volume  of 
water ;  in  this  mixture  i  placed  an  earthen  porous  vessel  containing  one 
measure  of  sulphuric  acid  to  twelve  measures  of  water,  with  a  piece  of 
amalgamated  zinc  plate  in  it.  In  the  chloride  of  aluminium  solution  I 
immersed  a  piece  of  copper  of  the  same  amount  of  immersed  metallic 
surface  as  that  of  the  zinc,  and  connected  it  with  the  zinc  by  means  of  a 
copper  wire,  and  set  it  aside  for  several  hours ;  when  on  examining  it  I 
found  it  coated  with  a  lead-coloured  deposit  of  aluminium,  which,  when 
burnished,  possessed  the  same  degree  of  whiteness  as  platinum,  and  did 
not  appear  to  tarnish  readily  by  immersion  in  cold  water  or  in  the 
atmosphere,  but  was  acted  upon  by  sulphuric  or  nitric  acid,  either  con- 
centrated or  dilute. 

"  I  found  that  if  the  apparatus  was  kept  quite  warm,  and  a  copper  plate 
much  smaller  than  the  zinc  plate  was  used,  the  deposit  appeared  in  a  very 
short  time,  in  several  instances  in  less  than  half  a  minute.  Also,  I  found 
that  if  the  chloride  solution  was  not  diluted  with  water,  the  deposit  was 
equally,  if  not  more,  rapid. 

*'  I  have  also  succeeaed  in  obtaining  a  quick  deposit  of  aluminium  in  a 
less  pure  state  by  dissolving  ordinary  pipeclay  in  boiling  hydrochloric  acid, 
and  using  the  supernatant  clear  solution  undiluted  with  water  in  the  place 
of  the  before-meotioned  liquid.  A  similar  deposit  of  aluminium  was  also 
obtained  from  a  strong  aqueous  solution  of  acetate  of  alumina ;  likewise 
from  a  saturated  aqueous  solution  of  ordinary  potash  alum,  but  rather 
slowly ;  with  each  of  the  solutions  named,  the  deposit  was  hastened  by 
putting  either  one,  two,  or  three  small  Smee*s  batteries  in  circuit. 

''To  obtain  the  deposit  of  silicium,  I  dissolved  monosilicate  of  potash 
(formed  by  fusing  together  1  part  of  silica  with  2J  parts  oi  carbonate  of 
potash)  in  water,  in  the  proportion  of  40  srs.  to  1  oz.  measure  of  water, 

Eroceedinc  in  like  manniT  as  with  the  alumioa  solutions,  the  process  being 
astened  by  interposing  one  pair  of  small  Smee's  battery  iu  the  circuit. 
With  a  very  slow  and  feeble  action  of  the  battery,  the  colour  of  the 
deposited  metal  was  much  whiter  than  that  of  aluminium,  closely 
approximating  to  that  of  Rilver ;  its  other  properties  I  have  not  yet  had 
time  to  examine"  {Oearge  OorCfX  Birmingham.) 

**  The  author  remarks  that  the  aluminium  deposited  upon  the 
•copper  plate  dissolved  even  in  dilute  sulphuric  or  nitric  acid; 
but  the  alumiaium  produced  by  Deville  exhibits  a  totally  differ- 

*  English  Patent  2756,  1855.  t  English  Patent  507,  1858. 

XPhil.  Mag.,  1854  (March),' p.  227. 
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eot  behaviour.  The  properties  ascrihed  hj  Mr.  Gore  to  his 
metal  are  insufficient  to  identify  it  as  aluminium ;  the  same  may 
be  said  in  regard  to  his  silicon.  The  metallic  coating,  which 
was  found  upon  the  copper  plate  in  both  instances,  is  probably 
nothing  but  zinc,  reduced  from  the  zinc  sulphate  that  had  formed 
in  the  porous  clay  vessel  at  the  expense  ot  the  dilute  sulphuric 
acid  and  the  anode  (zinc  plate).     (J.  J^ickles,)*** 

Jeahsonf  electrolysed  solutions  of  an  aluminium  salt  of  1*15  to 
1*16  specific  gravity,  at  a  temperature  of  60*  C. 

HaurdJ  recommended  an  aqueous  solution  of  cryolite  in 
chloride  of  magnesium  or  manganese. 

Bertram  §  wished  to  separate  the  metal  by  a  stroni;  current 
from  solutions  of  aluminium-ammoniuin  chloride. 

J.  Braunjl  (Berlin)  proposed  to  obtain  aluminium  by  the 
electrolysis  of  an  alum  solution  of  1  '03  to  1  *07  specific  gravity 
at  the  ordinary  temperature.  The  sulphuric  acid  liberated 
during  the  reaction  was  to  be  neutralised  by  alkali ;  and  the 
separation  of  alumina  was  to  be  prevented  by  the  addition  of  a 
non- volatile  organic  acid. 

According  to  a  patent  by  Overbeck  and  Niewerth,^  an  aqueous 
solution,  either  of  organic  salts  of  aluminium,  of  mixtures  which 
afford  such  salts,  or  of  aluminium  sulphate  with  the  chlorides  of 
other  metals,  is  to  be  electrolysed. 

The  last  part  of  the  foregoing  patent  is  also  claimed  by  Senet** 
in  his  specification  as  his  invention.  He  recommends  the 
moderate  current  of  6  to  7  volts  x  4  amperes. 

Next,  A.  Walter tt  appears  with  a  patent,  according  to  which 
the  production  of  aluminium  is  possible  under  the  following 
circumstances : — A  solution  of  aluminium  nitrate  is  to  be  so  de- 
composed with  a  smaU  current  density,  but  using  the  current ^rom 
a  potoer/ul  dynamo^  and  employing  a  platinised  copper  plate, 
that  aluminium  may  be  deposited  on  the  cathode  in  a  pulverul- 
ent form. 

About  the  time  that  this  patent  was  published,  in  the  year 
1887,  there  appeared  a  recipe  from  the  pen  of  Eeinbold  {|  for  the 
production  of  aluminium  deposits  on  other  metals :  50  parts  of 
alum  were  dissolved  in  300  parts  of  water,  10  parts  of  aluminium 
chloride  were  added,  and  the  mixture  was  heated  to  93''  C» 
After  cooling,  39  parts  of  potassium  cyanide  were  mixed  with 
the  solution.     With  an  aluminium  plate  as  anode,  and,  with  a 

*  Joum,  de  Pharmade^  1854  (Jime),  p.  476. 

^Annual  Record  of  Science  and  Industry,  1875.  Vide  Richards' 
Aluminium,  1890. 

t  U.S.  A.  Patent  228,900,  June  15,  1880.      Vide  Richards*  Aluminium, 
1890. 
§  Comptes  Rendus,  1876,  voL  Ixxxiii.,  p.  854. 

II  German  Patent  28,760.  IT  English  Patent  5756,  Deo.  15,  1883. 

**  Cosmos  les  Motides,  1885.     (From  Richards*  Aluminium,  1890.) 
a  German  Patent  40,626.  tt  Jewellers*  Journal,  1887. 
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weak  current,  a  good  polishable  aluminium  deposit  was  to  be 
obtained  at  the  cathode.  Even  if  this  process  had  not  been 
given  as  a  method  tor  the  production  of  aluminium,  yet,  had  it 
been  workable,  it  would  have  afforded  proof  that  the  metal  could 
be  precipitated  from  aqueous  solution.  This  special  case  cannot, 
however,  be  taken  as  controverting  the  statement  made  at  the 
beginnins;  of  this  section. 

R.  de  Montgelas,''*'  in  the  first  place,  separated  the  iron  electro- 
lytically  from  a  solution  of  aluminium  chloride,  and,  after  adding 
lead,  tin,  or  ziac  oxide,  claimed  to  deposit  the  aluminium  in 
conjunction  with  the  added  metaL 

According  to  the  specification  of  Falk  and  Schaag,t  the 
aluminium  salts  of  non- volatile  organic  acids  in  aqueous  solution 
are  to  be  mixed  with  the  cyanides  of  copper,  gold,  silver,  tin,  or 
zinc,  and  after  increasing  the  conductivity  of  the  resulting  bath 
by  the  addition  of  alkaline  nitrate  or  phosphate,  the  correspond- 
ing alloys  are  to  be  separated  from  it  by  electrolytic  means. 

Burghardt  and  Twining  possess  a  number  of  patents  which 
have  for  their  object  the  production  of  aluminium  and  its  alloys 
by  the  electrolysis  of  alkaline  aluminates.  After  the  addition 
of  cyanides,  or  of  other  compounds  of  an  alkali  and  a  metallic 
oxide,  aluminium,  or  one  of  its  alloys  (according  to  the  nature 
of  the  added  salt),  is  to  be  deposited  by  the  current  at  a 
temperature  of  about  80*  C. 

Nahnsen  and  Pfleger's  X  invention  consists  in  a  separation  of 
aluminium,  aluminium-alloys,  and  magnesium  in  coherent  form, 
which  is  to  take  place  without  the  occurrence  of  secondary 
reaction,  if  (in  contrast  to  the  methods  usually  employed)  the 
electrolyte  be  cooled,  and  any  rise  in  the  temperature  of  the 
aqueous  solution  during  electrolysis  be  guarded  against  by  the 
use  of  cooling  agents.  Thus,  at  a  temperature  of  40°  0.  a 
separation  of  aluminium  hydroxide  occurs  in  considerable 
quantities,  but  at  40*  0.  all  the  aluminium  is  said  to  be  obtained 
in  the  metallic  state. 

Kietz  and  Herold§  consider  a  solution  of  aluminium,  starch, 
and  grape-sugar  to  be  a  suitable  electrolyte  for  the  deposition 
of  aluminium.  After  describing  the  manner  of  producing  this 
solution,  they  state  that  the  aluminium  separates  out,  but 
always  in  a  spongy  form,  by  applying  a  strong  current  and  usins^ 
platinum  electrodes.  The  metal  is  to  be  subjected  to  strong 
pressure,  and  then  to  be  cast  into  bars,  whilst  the  residual 
solution  is  to  be  treated  for  the  recovery  of  the  grape-sugar. 

The  American  ||  and  German  f  journals  record  the  application 
of  aluminium-plating  to  iron  constructional  work  at  the  works 

♦  Engliah  Patent  10,607,  Aug.  18.  1886,  t  German  Patent  48,708. 

t  German  Patent  46,753.     [English  Patent  8,652,  May  23,  1889.] 
§  German  Patent  68, 136.  il  Iron  Age,  1892,  Feb.  25,  Jane  2. 

liaiahl  und  Eiwn,  1892,  Nos.  7  and  14. 
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of  the  Tacony  Iron  and  Metal  Company,  in  Tacony,  Pennsylvania^ 
but  without  describing  the  most  important  part  of  the  whole 
process  from  the  electro-metallurgical  point  of  view — viz.,  the 
method  of  depositing  the  aluminium. 

It  is  needless  to  criticise  the  individual  processes  here 
described.  The  opening  statement  can  only  be  confirmed  that 
there  is  no  hope  whatever  that  any  laurels  are  to  be  gained  by  an 
attempt  to  obtain  aluminium  by  the  electrolysis  of  aqueous 
solutions.  The  successful  extraction  of  aluminium,  in  the  state 
of  our  present  knowledge,  can  only  be  accomplished  by  the 
electrolysis  of  fused  compounds  of  aluminium. 

Early  Experiments  in  the  Eleotrolysis  of  Fused  Com- 
poxindB  of  Aluminium. — The  first  experiments  in  the  pro- 
duction of  aluminium  were  concerned  with  the  electrolytic 
decomposition  of  the  oxide,  but  were  unsuccessful.  They  were 
made  by  Davy*  in  the  year  1807,  after  he  had  succeeded  in 
decomposing  the  alkaline  hydroxides  by  the  same  process.  The 
alumina  resisted  the  action  of  the  current  which  Davy  had  at  his 
command,  but  it  is  not  improbable  that  later  experimentsf 
afforded  him  an  alloy  of  iron  and  aluminium.  Working  with  a 
vessel  charged  with  an  atmosphere  of  hydrogen,  he  employed 
the  following  arrangement : — A  platinum  plate  was  connected 
up  to  the  positive  pole  of  a  voltaic  battefy  containing  1000 
couples.  This  plate  carried  a  layer  of  alumina  moistened  with 
water  and  kneaded  closely  together.  Into  the  upper  part  of 
this  mass  was  introduced  an  iron  wire  which  was  joined  to  the 
negative  pole  of  the  battery.  The  wire  became  instantaneously 
heated  to  a  white  heat,  and  fused  at  the  point  of  contact  with 
the  alumina.  The  metallic  mass,  after  cooling,  was  both  whiter 
and  more  brittle  than  iron.  On  treating  it  with  acid  a  solution 
was  obtained  from  which  alumina  could  be  afterwards  separated. 

Bunsen^  was  the  first  to  accomplish  the  electrolytic  separation 
of  aluminium  from  its  fused  compounds,  using  for  the  purpose 
the  apparatus  which  he  had  designed  for  the  reduction  of 
magnesium  (p.  17),  and  adopting  the  readily  fusible  double 
chloride  of  aluminium  and  sodium  as  electrolyte.  But,  as  the. 
metal  separated  in  pulverulent  form  at  the  low  temperature  of 
the  fusion,  he  gradually  added  common  salt  to  the  mixture 
during  the  progress  of  the  experiment  until  the  temperature  at 
last  was  raised  almost  to  the  melting  point  of  silver.  After 
cooling,  the  metal  was  found  in  large  reguline  spherical  masses, 
which  could  be  melted  into  a  regulus  by  projecting  them  into 
fused  common  salt  at  a  white  heat. 

Bunsen's  account  of  these  expeHments  wa's  despatched  to  the 
Editor  of  Poggendorff^a  Annalen  on  July  9,  1854  ;  and  only  a 
few  weeks  later,  on  August  14  of  the  same  year,  H.  St.  Claire- 

•  Phil.  Trans.,  1808.  pp.  1,  333.  +  Phil.  Trans.,  1810,  p.  16. 

tPogg.  Ann.,  1854,  vol.  xcii. 
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Deville  laid  his  thesis  on  metals,  treating   especially  of  alu- 
minium, before  the  French  Academy  of  Science. 

Deville's  Process. — As  statements  have  crept  into  many 
text-books  to  the  effect  that  Deville  intentionally  left  Bunsenws 
process  unnoticed,  that  portion  of  the  thesis  which  has  reference 
to  his  experiments*  with  fiunsen's  magnesium  apparatus,  and 
which  adduces  his  reasons  for  modifying  the  arrangement  is  here 
given  in  the  form  of  a  literal  translation  from  the  original 
French,  t 

"  Up  to  the  present  time  it  has  appeared  to  me  impossible  to 
obtain  aluminium  from  aqueous  solutions  by  means  of  the  gal- 
vanic battery ;  and  I  should  even  now  believe  in  the  absolute 
impossibility  of  doing  so  if  the  brilliant  experiments  of  Bunsen, 
in  the  production  of  barium,  chromium,  and  manganese,  had  not 
shaken  my  convictions.  However,  I  am  compelled  to  say  that 
all  the  processes  of  this  kind  which  have  been  published  recently 
in  reference  to  the  preparation  of  aluminium  have  given  me 
only  negative  results. 

«  Every  one  knows  the  beautiful  process  by  means  of  which 
Bunsen  has  produced  magnesium  by  decomposing  magnesium 
chloride  with  the  aid  of  the  galvanic  battery.  The  illustrious 
professor  at  Heidelberg  has  opened  a  way  which  may  lead  to 
results  that  will  be  interesting  from  many  points  of  view. 
However,  there  can  be  no  hope  of  applying  the  battery  to  the 
direct  decomposition  of  aluminium  chloride,  which  is  a  substance 
that  does  not  fuse,  but  that  volatilises  at  a  low  temperature ;  it  is 
necessary,  therefore,  to  find  a  composition  for  the  metallic  bath 
that  shall  involve  the  use  of  a  fusible  material  from  which 
aluminium  alone  can  be  deposited  by  the  electric  current.  I  have 
found  such  a  substance  in  the  double  chloride  of  aluminium  and 
sodium,  the  production  of  which  is  a  necessary  feature  of  the 
extraction  of  aluminium  by  sodium.  This  chloride,  which  is 
fusible  at  about  185"*  C,  and  remains  fixed  at  a  sufficiently  high 
temperature,  although  it  is  volatile  at  temperatures  above  the 
fusing  point  of  aluminium,  fulfils  all  the  required  conditions. 
I  introduced  this  substance  into  a  porcelain  crucible,  which  was 
imperfectly  se[)arated  into  two  compartments  by  a  plate  of  biscuit 
porcelain,  and  decomposed  it  by  means  of  a  battefy  of  five 
elements,  using  carbon  electrodes,  the  crucible  being  heated, 
and  the  temperature  being  increased  continually,  in  order  that 
the  charge  might  be  maintained  in  the  fluid  condition  as  it  became 
gradually  less  and  less  fusible ;  but  the  fusing  temperature  of 
aluminium  was  not  exceeded.  Arrived  at  this  point,  I  stopped 
the  experiment,  and,  after  lifting  out  the  diaphragm  and  the 
electrodes,  I  heated  the  apparatus  to  a  bright  red  heat,  and  found 
at  the  bottom  of  the  crucible  a  regulus  of  aluminium,  which  was 

*  Ann,  cU  Chimie  et  de  Fhya.,  1854,  vol.  xliii.,  p.  27. 

t  [This  translation  is  taken  from  Deville's  original  paper. — Transi  ATOB.] 
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rolled  and  waa  exhibited  to  the  Academy  at  its  meeting  on 

March  20,  1854.     It  wae  acoompauied  by  a  considerable  quantity 

of  carbon,  vhich  had  prevented  a  notable  portion,  of  the  metal 

from  uniting  into  a  single  mass.     Thb  carbon  resulted  from  the 

disintegration  of  tlie  very  dense  sample  of  retort  carbon  that 

served  as  electrode  ;   and  as  a  result  of  this  action  the  positive 

electrode  was  entirely  eaten  away  in  spite  of  its  thickness,  which 

was  very  considerable.     This  disposition  of  apparatus  (as  used 

by  Bunsen  for  magnesium)  was  not  convenient  in  the  case  of 

aluminium  ;  and  the  process  to  which  I  have  been  led,  after  many 

experiments,  is  as  follows : — The  aluminium  bath  is  prepared  by 

weighing  2  parte  of  aluminium-chloride  and  adding  to  it  1  part 

of  marine  salt  in   the  state   of 

dry  powder.    The  whole  is  mixed 

in  a  porcelain   crucible   heated 

to  about  200°  0.     Combinatioa 

shortly  sets   in  with   evolution 

of  heat,  and  there  results  a  very 

fluid  mixture,  which  is  the  bath 

used  for  the  decomposition. 

"  The  apparatus  [Fig.  69]  con- 
sists of  a  glazed  porcelain  crucible 
(F)  which,  as  a  measure  of  pre- 
caution, is  placed  within  a  some- 
what larger  fireclay  crucible  (H); 
the  whole  is  surmounted  by  a 
crucible  cover  (D)  pierced  with 
a    slot    (L)    through    which    is 
passed  a  wide  and  stout  sheet  of 
platinum  (K)  to  serve  as  nega- 
tive electrode,  and  with  an  aper- 
I  for    ture  in  which   is   tightly  fixed 
a   well  -  dried    porous    cell    (R). 
Within  the  Utter  is  placed  a  rod 
of  retort  carbon  (A)  as  positive  electrode.     The  bottom  of  the 
porous  cell  should  be  kept  at  the  distance  of  some  centimetres 
from  that  of  the  porcelain  crucible.     The  porcelain  crucible  and 
the   porous   cell    are   filled    to   the   same  level  with  the  fused 
aluminium  sodium  chloride,  and  the  apparatus  is  heated  after 
the  manner  described.     The  electrodes  are  then  introduced  and 
the  current  is  passed  through  the  apparatus.      Aluminium  is 
deposited  with  some  sodium- chloride  upon  the  platinum  plate, 
and  chlorine  together  with  some  aluminium-chloride  isdiseng^ed 
in  the  porous  cell :  fumes  are  thus  produced  which  are  destroyed 
by  introducing  dry  and  powdered  marine  salt  at  intervals  into 
the  porous  cell.     This  salt  is  transported  to  the  negative  pole 
during  the  operation,  along    with    the    aluminium.     A    small 
number  of  elements  (two  are  actually  sufficient)  are  required  to 
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decompose  the  chloride,  which  presents  onlj  a  feeble  resistance 
to  the  electric  current. 

"  The  platinum  plate  is  raised  from  time  to  time,  as  it  becomes 
sufficiently  charged  -with  metallic  and  saline  deposit.  It  is 
allowed  to  cool,  the  mass  of  salt  is  rapidly  broken,  and  the  plate 
is  replaced  in  the  circuit.  The  crude  material  detached  from  the 
electrode  is  fused  in  a  porcelain  crucible  enclosed  within  a  fire- 
clay crucible.  After  cooling,  the  mass  is  treated  with  water, 
which  dissolves  a  large  quantity  of  sodium-chloride ;  and  a  grey 
metallic  powder  is  left,  which  is  re-united  into  a  regulus  by 
several  successive  fusions,  adding  double  chloride  of  aluminium 
and  sodium,  if  necessary,  during  each  fusion." 

Although  the  process  of  Bunsen  and  Deville  for  extracting 
aluminium  could  not  have  been  carried  into  effect  on  a  commercial 
basis,  owing  to  many  difficulties  that  stood  in  the  way,  their 
work  must  be  said  to  have  laid  the  foundation  of  our  present 
methods  —  viz.,  the  electrolysis  of  fused  aluminium  com- 
pounds. 

Praotioal  Obstacles  to  the  Eleotrolysis  of  the  Chlorides. 
— Deville's  researches  proved  that  the  use  of  carbon  cathodes 
was  not  perfectly  adapted  to  aluminium  reduction.  Experience 
has  shown  that  carbon  rods  or  crucibles,  when  employed  as 
cathodes,  appear  almost  to  melt,  so  great  is  the  disintegration 
produced  by  the  metal  separated  in  their  pores.  An  insur- 
mountable  obstacle  to  the  practical  use  of  this  plant  is  found 
in  the  chemical  action  of  the  electrolyte  and  deposited  metal 
upon  every  material  of  which  the  apparatus  might  be  constructed ; 
and  no  suitable  substance  has  yet  been  found  for  the  manu- 
£Bu;ture  of  melting  and  electrolysing-vessels,  which  are  to  be 
heated  externally,  and  used  with  the  haloid  salts  of  aluminium. 
Both  the  fused  salt  and  the  metal  itself  absorb  so  many  impurities 
in  this  way,  during  the  electrolysis,  that  the  valuable  properties 
of  the  reduced  aluminium  are  destroyed.  The  ordinary  fireclay 
and  plumbago  crucibles  contain  silicates  which  become  reduced 
by  contact  with  the  separated  metal,  and  the  latter  is  thus 
contaminated  with  silicon.  With  this  property  is  associated 
that  of  very  slight  resistance  to  the  action  of  melted  haloid 
compounds  (excluding  the  fluorides).  Porcelain  vessels  not 
only  have  the  faults  of  the  above  crucibles,  but  are  very  fragile 
and  costly,  whilst  they  are  only  to  be  had  in  small  sizes. 
Crucibles  of  compressed  carbon  are  so  porous,  that  they  cannot 
be  heated  externally  when  filled  with  a  liquid  substance,  unless 
they  are  protected  by  an  outer  coating  of  an  impermeable 
material.  Finally,  there  are  no  metals,  which  could  be  practically 
applied,  that  are  sufficiently  refractory,  and  that  are  yet  neither 
liable  to  attack  by  the  electrolyte,  nor  capable  of  alloying  with 
aluminium. 

The  production  of  pure  aluminium  by  these  methods,  there- 
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fore,  has  failed,  owing  to  the  want  of  suitable  materials  for  the. 
melting  vessel  and  the  cathode. 

The  Teaching  of  Deville's  and  Bunsen's  Experiments. — 
Deville,  in  the  treatise  to  which  reference  has  been  made, 
brought  forward  a  suggestion  that  has  hitherto  almost  escaped 
notice,  but  that  deserves  to  be  better  known  than  it  appears 
to  have  been,  by  reason  of  the  important  principle  that  it 
enunciates.  He  there  describes  the  conditions  under  which 
metallic  objects,  especially  those  made  of  copper,  may  be  coated 
with  aluminium  by  means  of  his  process.  In  this  case,  in  order 
to  maintain  a  constant  proportion  of  aluminium  in  the  fused 
aluminium-sodium-chloride  bath,  he  recommends  the  use  of  anodes 
of  aluminium  or  of  a  compressed  mixture  of  alumina  and  carbon,* 
He  thus  described  two  most  noteworthy  principles,  which  have 
been  repeatedly  re-discovered  and  patented,  viz.  :  — 

1.  The  use  of  solvhle  anodes  infused  dectrolytes  ;  and 

2.  The  addition  of  aluminium  to  fused  compounds  of  the  same 
during  electrolysis,  by  the  agency  of  alumina. 

The  first  patent  which  contained  the  same  idea  was  taken  out 
in  England  under  the  name  of  Le  Ghatelier.f  In  this  case  it 
is  probable,  however,  that  the  patent  was  applied  for  with 
Deville's  full  knowledge,  because  Deville  frequently  refers  in 
laudatory  terms  to  Le  Chatelier  as  his  collaborator.  But,  in 
addition  to  the  use  of  alumina-carbon  anodes,  this  patent  also 
covers  the  use  of  a  porous  cell  for  the  reception  of  the  anodes^ 
which  tend  to  disintegrate  during  the  electrolysis  and  so  to 
introduce  impurities  into  the  electrolyte.  It  is,  however,  need- 
less to  point  out  that  porous  cells  could  not  possibly  be  employed 
in  the  melted  haloid  salts  of  aluminium  for  the  manufacture  of 
that  metal.  But  since  the  use  of  alumina -carbon  anodes  is 
accompanied  by  a  tendency  to  disruption  and  hence  by  the 
introduction  of  impurities  into  the  bath,  and  since  the  bath 
itself  has  a  very  low  electrical  conductivity,  it  is  evident  that 
Deville's  invention  cannot  be  applied  in  this  form.  At  the 
same  time,  the  fact  that  the  practical  application  of  Bunsen's 
and  Deville's  processes  is  not  directly  possible  must  not  be 
allowed  for  a  moment  to  detract  from  the  service  which  these 
investigators  have  done  in  preparing  the  way  for  the  modern, 
developments  of  their  ideas.  It  is  necessary  to  understand  the 
reasons  why  experiments  have  failed  in  order  to  attain  to 
success.  The  work  of  Bunsen  and  Deville  formed  the  basis 
upon  which  has  rested  the  success  obtained  in  this  field  within 
the  last  few  yeal*s,  as  may  be  shown  by  the  following  deduc- 
tions, that  may  be  drawn  from  the  results  (both  positive  and 
negative)  of  their  work,  in  reference  to  the  properties  of  the 
raw  materials,  final  products,  and  substance  used  in  the  con- 
struction of  the  required  apparatus  : — 

*  H.  St.  Claire-Deville,  De  V Aluminium  (1869),  p.  06. 
tEngUsh  Patent  1214,  1861. 
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1.  Aluminium  may  be  obtained  by  the  electrolysis  o/ Jused 
(anhydrous)  aluminium  compounds. 

2.  The  aluminium  separated  from  the  fused  material  may  be 
replaced  by  the  use  of  alumina^  so  that  the  process  may  be  made 
more  continuous. 

3.  The  addition  of  aluminium  to  the  electrolyte  is  not  to  be 
effected  practically  with  the  aid  of  anodes  composed  of  alumina 
and  carbon^  although 

4.  The  use  of  soluble  anodes  for  the  electrolytic  refining  of 
metals  is  of  great  importance. 

5.  Catliodes  made  of  carbon  cannot  be  employed  (p.  121). 

6.  There  is  no  material  known,  that  is  suitable  for  melting 
vessels  to  be  used  for  the  electrolysis  of  aluminium  compounds 
when  external  heating  is  applied. 

This,  then,  was  the  condition  of  affairs  at  about  the  middle  of 
the  present  century.  The  last  obstacles  were  removed,  almost 
thirty  years  later,  by  the  solution  of  the  difficulties  mentioned 
under  the  fifth  and  sixth  heads.  Before  jjassiug  to  the  methods 
at  present  in  use,  it  will  be  advisable  to  mention  separately 
some  of  the  proposals  and  experiments  which,  to  judge  at  least 
from  their  origioal  descriptions,  could  not  possibly  lead  to  the 
desired  result. 

Impracticable  Processes. — First  among  these  is  Oaudin's 
process,*  by  which  a  melted  mixture  of  cryolite  and  common 
salt  was  to  be  decomposed  by  the  current  into  aluminium 
and  fluorine.  That  of  Kagenbuscht  scarcely  requires  criticism  : 
clay,  melted  with  suitable  fiuxes,  was  to  be  electrolysed  with 
the  addition  of  zinc  ;  and  the  zinc  was  afterwards  to  be  removed 
from  the  alloy  by  distillation  or  by  a  refining  process.  The 
process  specified  in  Berth aut's  patent |  is  practically  identical 
with  that  invented  by  Deville.  Faure's  apparatus  (1880)  for  the 
decomposition  of  aluminium  chloride  may  also  be  passed  over 
without  comment. 

Graetzel's  patent  §  describes  a  process  that  is  well  known  but 
quite  impracticable.  It  is,  however,  referred  to  in  many  chemical 
text-books  as  being  not  only  sound  in  principle,  but  as  being 
in  actual  operation.  It  must,  therefore,  be  examined  somewhat 
more  carefully  than  would  be  otherwise  necessary.  The  inventor 
proposes  to  electrolyse  melted  chlorides  or  fluorides  in  the 
apparatus  shown  in  Fig.  60.  The  melting  vessel,  s,  is  made  of 
porcelain,  stoneware,  or  similar  fire-resisting  material,  and  is 
protected  from  the  direct  action  of  the  flame  by  a  metal  jacket. 
Within  the  inner  vessel  is  a  cathode  of  metal,  preferably  of 
aluminium ;  whilst  the  anode  is  a  carbon  rod,  K,  enclosed  in  a 
porcelain  tube,  G,  provided  with  openings,  ^,  below  and   an 

*  Moniteur  Scienlifiquef  vol.  xi.,  p.  62.    (See  Richard's  Aluminivm,  1890.) 
t  EngliBh  PateD t  481 1 ,  1 872.     (See  Richard's  Mvminivm,  1 890. ) 
X  Eoglish  Pateot  4087,  1879.  §  German  Patent  29,962. 
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escape   pipe,  p,   for  chlorine,   above.       During  electrolTBia,   a 
current  of  redaciae  gas  is  circulated  through  the  fusion  dumber, 
B,  by  means  of  the  tubes,  o*  and  o\     In  order  to  reduce  the 
electromotive  forcit  required,  as  well  as  to  maintain  the  strength 
of  the  bath,  which  would  otherwise  become  impoverished,  there 
are  introduced  into  the  inner  vessel,  O,  besides  the  anode,  bat 
quite  independent  of  it,  plates  or  rods,  M,  which  are  composed 
of  equivalent  weights  of  alumina  and  carbon.     The  carbon  is  to 
combine  with  the  oxygen  of  the  oxide  whilst  the  metal  of  the 
latter  passes  into  combination  in  the  bath.     Unfortunately,  the 
carbon    does    not    give   the 
desired     result,     but     only 
serves  to  introduce  impuri- 
ties into  the  electrolyte.     In 
order  to  obtain  the  alumi- 
nium pure,  it  must  be  sepa- 
rated in  the  molten  condi- 
tion ;  but  in  that  caae  it  may 
well  be  asked  what  would 
become    of    the    aluminium 
cathode,    the    clay    melting 
vessel,  or,  if  these  survived, 
of  the  separated  aluminium 
iteelfl     The  introduction  of 
reducing    gases    is    at    the 
least  superfluous  in  the  elec- 
trolytic deposition    of    alu- 
minium.    After  the   forego- 
ing  remarks,    there    is   but 
little    of    the    invention    left    for    criticism.      Lest,   however, 
it  should  be  said  that  those  who  were  tempted  to  repeat  the 
experiments  with  this  apparatus,  were  so  unskUful  that  they 
failed  to  recognise  its  advantages,  it  should  be  added,  as  an 
especially  significant  fact,  that  Graetzel  himself,  in  his  capacity 
as   manager  of  the   Uetaelmger   Aluminium-   und    Magnesium 
Fabrik,  did  not  use  his  own  process  for  obtaining  aluminium, 
but  that  of  Beketoff  (see  p.  103),  which  consisted  in  the  reduc- 
tion of  cryolite  by  means  of  magnesium.      He  applied  for  a 
patent  for  his  process  in  various  countries,  but  the  application 
was  refused,  to  the  best  of  the  author's  knowledge,  everywhere 
excepting  in  England. 

The  process  brought  forward  by  Anthony  Zdziarski,*  although 
not  practically  workable  in  tlie  manner  described,  has  yet  some  in- 
terest in  connection  with  certain  later  patents.  Cryolite,  or  other 
aluminium  compound,  is  mixed  with  suitable  fluxes,  and  melted 
in  a  wrought-iron  or  plumbago  crucible,  heated  in  any  convenient 
furnace.  At  the  bottom  of  the  crucible  is  placed  a  metal  which 
*  Englub  Patent  3090,  Feb.  II,  18S4. 
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is  to  be  alloyed  with  aluminium ;  and,  during  electrolysis,  this 
metal  forms  the  cathode,  while  the  anode  is  a  carbon  rod  dipping 
into  the  fused  bath.  The  fluxes  actually  forming  the  electrolyte 
must  contain  substances  which  can  readily  combine  with  the  fluor- 
ine separated  at  the  anode,  whilst  they  should  also  be  as  rich  as 
possible  in  aluminium.  Mixtures  answering  to  these  require- 
ments may  be  obtained  by  fusing  cryolite  or  other  aluminium 
compounds  with  carbonate  of  soda  or  potash,  or  with  other 
carbonates  behaving  in  a  similar  way  in  respect  to  fluorine. 
After  some  general  remarks  upon  the  expenditure  and  the  action 
of  the  current,  and  the  injuriousness  of  silica  when  present  in 
the  metal  mixture,  it  is  further  remarked  : — ^*  When  a  mixture 
of  an  oxide  of  aluminium  (AlgO^)  is  employed,  the  flux  must  be 
used  in  a  quantity  sufficient  to  give  an  easily  fusible  combina- 
tion. In  this  case  the  flux  should  consist  of  carbonate  of  potash, 
or  soda,  or  both.''  The  ideas  expressed  in  this  patent  specifica- 
tion undoubtedly  contain  more  matter  for  consideration  than  do 
those  of  most  other  inventions,  which  are,  for  practical  reasons, 
unworkable. 

Farmer  *  proposes  (as  an  alternative  amongst  other  aluminium 
compounds)  to  melt  and  electrolyse  even  cdufninium  chloride 
in  o}.en  vessels.  The  melting-vessel  is  to  serve  also  as  cathode ; 
and  the  patentee  thus  revives  in  the  year  1885  an  idea  which 
had  been  well  known  so  long  ago  as  1 808. 

Grousilliers,t  in  searching  for  a  patent,  has  not  forgotten 
that  aluminium  chloride  is  easily  vaporised  under  ordinary 
conditions,  and  therefore  proposes  to  accomplish  the  electrolysis 
of  this  salt  in  closed  vessels  under  pressure — a  method  of  work 
which  is  obviously  impracticable. 

At  first  sight  (but  only  thus)  Grabau's  patent  specification  % 
would  appear,  by  the  use  of  cooled  electrode  cells,  to  afford  a 
means  of  preventing  that  absorption  of  impurities  by  aluminium, 
which  is  so  troublesome  when  fused  salts  are  electrolysed.  In 
explaining  his  process,  Grabau  gives  the  following  example : — In 
the  electrolysis  of  a  fused  bath  of  cryolite  and  sodium  chloride 
it  is  known  that  chlorine  is  evolved  at  the  positive  pole,  and 
aluminium  in  the  liquid  condition  at  the  negative.  But  since 
melted  cryolite  is  capable  of  attacking  every  known  fire-resisting 
and  non-conducting  material,  this  electrolytic  process  can  only 
be  applied  when,  as  is  rendered  possible  in  the  present  process, 
the  affected  parts  of  the  apparatus  are  protected  from  the  action 
of  the  fused  salts  or  the  sepai*ated  constituents  of  the  bath,  by 
the  use  of  an  insulating  and  resisting  shield.  In  Fig.  61  is 
shown  an  arrangement  suitable  for  use  in  the  process  under 
description.     The  iron  melting  vessel.  A,  is  heat^  by  external 

*  U.S. A.  Patent  315,266. 

t  German  Patent  34,407.     [English  Patent  8478,  July  14,  1885.  ] 

ij:  German  Patent  45,012. 
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firing  until  the  bath  is  thoroughly  Suid ;  and  the  level  of  the 
latter  shoald  then  be  at  X  X.  The  hollow  metallic  cylinder,  B, 
is  made  with  double  walls,  through  which,  for  cooling  purposes, 
a  fluid  such  as  water  or  air  may  be  circulated,  r  being  the  inlet 
and  r^  the  outlet  pipe.  Another  double-walled  vessel,  in  the 
shape  of  a  trough,  C,  is  employed  as  a  reservoir  for  the  reception 
of  the  melted  aluminium  which  separates.  The  liquid  or  gas  to 
be  used  in  cooling  this  vessel  enters  the  space  between  the  walla 
by  r^  and  leaves  it  by  r^.  In  consequfince  of  the  cooling  action 
produced  by  this  circulation,  a  portion  of  the  melted  salt 
solidifies  over  the  whole  of  the  cooled  surface  of  the  cell, 
B,  of  the  collecting  vessel,  0,  and  of  the  tubes,  and  forms  at 


Fig.  61. — Grabau's  cooled  cell  appatatui. 

these  places  a  non-conducting  crust,  which  Is  not  capable  of  being 
attacked  either  by  the  fused  salts  or  by  aluminium. 

Orabau  proceeds  from  the  assumption  that  only  those  parts 
of  an  electrolyte  vessel  containing  fused  cryolite,  which  come  in 
contact  with  the  separated  elements,  can  lead  to  the  introduction 
of  impurities  into  the  bath  and  the  metal.  If  this  were  true,  he 
would  certainly  almost  have  afibrded  a  solution  to  the  difficult 
problem  of  extracting  pure  aluminium  electrolytically.  He  can 
only  be  said  in  that  case  to  have  aimo»l  solved  the  question, 
because  he  does  not  state  in  his  specification  the  nature  of  the 
cathode,  with  which  the  separated  particles  of  aluminium 
will  have  to  come  into  the  most  intimate  contiict.  Further,  it 
appears  to  be  doubtful  whether,  by  the  use  of  the  anode  cell  as 
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it  is  shown  in  Fig.  61,  the  chlorine  would  be  efficiently  removed. 
The  author's  experience  is  that  a  large  proportion  of  the  ohiorine 
which  rises  from  the  anode,  tends  to  float  on  the  surface  of  the 
fused  salt,  and  to  approach  the  walls  of  the  vessel,  and  there,  by 
contact  with  iron,  to  introduce  impurities  into  the  bath,  and 
hence  into  the  resulting  aluminium.  But  putting  these  imper- 
fections aside,  the  author  has  never  succeeded  in  electrolysing 
mixtures  of  aluminium  salts  or  double  salts,  containing  fluorine, 
in  iron  vessels  without  both  the  bath  and  the  metal  taking  up 
much  iron.      The  want  of  durability  of  iron  vessels  when  used 


Fig.  62. — Handerson's  apparstui  (all 

for  these  processes  is  in  itself  both  a  proof  of  this  assertion  and  a 
ground  of  objection  to  such  processes. 

Henderson*  approaches  very  closely  to  the  modem  process 
in  his  patent,  according  to  which  he  electrolyses  a  solution  of 
alumina  in  uielted  cryolite,  and  renews  the  alumina  which  is 
decomposed  during  the  progress  of  the  reduction.  But  he 
shows  by  the  de^tcription  of  bis  apparatus  that  he  has  not 
recognised  the  principal  faults  of  the  older  systems,  for  he  uses 
ai  his  cathode  a  carbon  crucible  heated  externally.      Fig.  62 

•  English  Patent  7426,  1SB6. 
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Bhows  the  carbon  crucible,  A,  serying  as  cathode,  and  protected 
externally  by  the  plumbago  crucible,  B,  the  space  between  the 
two  being  filled  with  powdered  graphite.  The  connection  with 
the  negative  electric  cable  is  effected  by  the  carbon  rod,  E^, 
enclosed  within  a  clay  tube,  D^,  whilst  the  carbon  anode,  E,  also 
surrounded  by  a  clay  tube,  D,  projects  through  the  cover,  G,  of 
the  crucible.  A,  and  there  makes  electrical  connection  with  the 
positive  lead.  The  lid,  G,  is  covered  first  with  a  layer  of 
alumina,  H,  and  then  with  one  of  clay.  The  whole  arrangement 
stands  on  a  fireclay  slab,  C,  and  is  thus  supported  in  the  furnace, 
by  the  heat  of  which  the  charge  of  cryolite  and  alumina  in  the 
crucible  is  melted.  A  current  of  3  volts  should  suffice  for  the 
separation  of  the  aluminium  from  the  alumina,  which  is  con- 
stantly replaced  as  it  becomes  decomposed. 

Lossier*  alone  has,  up  to  the  present  time,  patented  the 
electrolytic  separation  of  pure  aluminium  from  aluminium 
silicates. 

Kichardst  describes  an  unpatented  process  of  Rogers,  |  which 
aims  at  electrolysing  melted  cryolite  with  a  cathode  of  molten 
lead.  Here  an  alloy  of  lead  and  sodium  is  used  initially,  and 
this  separates  aluminium  at  the  expense  of  the  sodium.  The 
American  Aluminium  Company,  of  Milwaukee,  which  was 
founded  in  1887  to  apply  this  process,  appears,  however,  to  have 
contented  itself  with  the  erection  of  a  small  experimental  plant. 

A.  Winkler,  §  of  Gorlitz,  has  not  stated  the  nature  of  the 
material  of  which  his  electrolysis-vessels  were  made,  but  as  the 
phosphates  and  borates  of  alumina  were  used  as  electrolytes,  he 
must  have  met  with  even  less  success  than  did  his  numerous 
predecessors.  The  separation  of  pure  aluminium  from  a  bath 
of  fused  borates — even  from  aluminium  borate  itself — could 
scarcely  be  proposed  seriously  by  anyone  who  has  ever  seen  an 
account  of  Wohler's  work  with  boron. 

Patents  granted  to  Feldmann  recommend  the  use  as  electrolyte 
first  of  mixtures  of  the  double  fluoride  of  aluminium  and  barium, 
strontium,  calcium,  magnesium,  or  zinc,  with  a  chloride  of  one 
of  the  latter  metals  ||;  and  afterwards  of  the  haloid  salts  of 
aluminium  with  the  oxides  of  more  electro-positive  metals.ir 
The  latter  process  has  also  been  patented  by  Cowles.** 

Daniel  ft  has  proposed  an  unlikely  apparatus  for  the  electro- 
lysis of  fused  aluminium-sodium  chloride ;  and  even  combines 
it  with  a  plant  for  the  production  of  aluminium  chloride  by 
Wohler's  method. 

*  German  Patent  31,089.  t  Richards'  Aluminium^  4th  Ed.,  1890. 

It:  Proceedings  of  the  Wisccnain  Natural  History  Society^  April,  1889. 
§  German  Patent  45,824. 

|]  German  Patent  49,915,  1887.    [[English  Patent  12,575,  Sept.  16,  1887.] 
IF  German  Patent  60,370,  1889.  **  EngUsh  Patent  11,601,  1890. 

•H-  German  Patent  50,054,  1889.    [English  Patent  4169,  Mar.  9,  1889.] 
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Diehl  *  patents  the  electrolysis  of  the  fluoride,  AljF^  .  NaF, 
prepared  by  a  special  method,  using  sodium  chloride  in  the 
fusion  and  a  carbon  electrode.  Having  recognised  the  useless- 
ness  of  such  cathodes  (p.  121)  he  substitutes  for  them,  at  a  later 
date,  others  consisting  of  ferro-aluminium  (AlsFe),  which  are  to 
take  up  aluminium  during  electrolysis  until  they  contain  the 
equivalent  of  Al^Fe.  He  works  with  a  current  density  of  13  to  20 
amperes  per  sq.  in.  The  excess  of  aluminium  contained  in  the 
richer  alloy  is  removed  by  heating,  and  the  residual  AlgFe  is 
again  used  as  cathode. 

Other  inventions,  the  details  of  which  were  either  previously 
known  or  are  impracticable,  have  been  made  more  recently  by 
Berg,t  Dixon,!  Graetzel,§  £)iehl,||  Faure,1T  Case,**  Gooch  and 
Waldo,  tt  and  others. 

Suooessfbl  Beduotion  ProoesBes. — Some  ten  years  ago 
attempts  were  made  to  produce  the  heat  necessary  for  the  fusion 
of  the  aluminium  compounds,  which  were  to  be  electrolysed,  by 
the  conversion  of  electrical  energy  within  the  melting  vessel 
itself;  and,  in  this  way,  the  key  to  the  successful  solution  of  t^e 
problem  has  been  found.  The  production  of  heat  by  the  agency 
of  electricity  was  attempted  in  two  ways:  either  by  introducing 
the  electric  arc  into  the  melting  chamber  or  the  mass  to  be 
heated,  or  by  including  the  electrolyte  as  a  resistance  in  the 
electric  circuit.  Only  the  latter  way  has  proved  economically 
successful ;  but  some  attention  may  be  devoted  in  the  first  case 
to  those  processes  and  arrangements  which  have  for  their  object 
the  decomposition  of  aluminium  compounds  in  the  zone  of  the 
electric  arc. 

Deoomposition  of  Aluminium  Compounds  by  the  Elec- 
tric Arc. — The  electric  arc  serves  even  too  well  for  the  purpose 
of  aluminium  extraction.  Although  the  two  required  conditions 
of  heating  and  electrolysis  are  here  available,  yet  the  tempera- 
ture is  unnecessarily  high  for  the  end  sought,  even  when  a 
small  arc  Hs  employed ;  and,  moreover,  this  excess  of  heat  is 
concentrated  within  a  very  small  area.  The  use  of  the  electric 
arc  for  the  extraction  of  aluminium  must,  therefore,  be  considered 
extravagant. 

The  impulse  to  use  this  source  of  heat  is  traceable  to  the  pub- 
lication by  Sir  W.  Siemens  of  ssi  account  of  his  electric  smelting 
furnace,  of  which  a  description  will  be  given  after  reference  has 
been  made  to  some  of  the  earlier  experiments  and  proposals. 

*  German  Patent  59,406,  59,447 ;  and  Enffliah  Patent  81.3,  Jan.  16, 1889. 
t  German  Patent  66,913,  1889.  [e/.  English  Patent  2002,  Feb.  6,  1890.] 
tEnglUh  Patent  16,794,  Oct.  24,  1889. 

§  German  Patent  58,600,  1890.  |i  German  Patent  62,353,  1891. 

IT  German  Patent  62,907,  1892. 
•*U.S.A  Patents  512,801,  512,803,  1894. 

■H-U.S.A.  Patents  527,846,  527,851,  528,365,  1895.      [English  Patent 
20,615,  Oct.  17,  1894.] 
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The  temperature  obtainable  in  the  electric  arc  seems  to  have 
been  first  utilised  in  experiments  made  hj  Depretz.  In  a  note 
to  the  French  Academy  of  Science,  of  December  17,  1849/  he 
describes  the  behaviour  of  a  small  retort  of  sugar  charcoal  (of 
-about  A  in.  diameter)  within  which  the  arc  was  formed  with 
the  aid  of  a  carbon  point.  The  retort  itself  served  as  positive 
«lectrode. 

JohnBOii'B   Frooess. — A  somewhat  later  invention  for  the 
smelting  of  ores  was  patented  hj  J.  H.  Johnsonf  in  England  on 
March  22,  1853.     The 
ore  was    mixed    with 
carbon   and  placed   in 
the  electric  arc,  which 
was  caused  to  pla;  be- 
tween two  large  elec- 
trodes ;    the   ore   thns 
became  fused  and  con- 
verted into  metal  and 
slag.     These  two  sub- 
stances fell  into  a  re- 
ceptacle placed   to  re- 
ceive them,  where,  by 
means    of  a    suitable 
furnace,  thev  were  kept 
in  the  fluid  condition 
until    the    metal    had 
sepxrated  from  the  slag 
(compare  Gerard- 
Lescnyer,  p.  135).    The 
same  specification  con- 
tained also  a  descrip- 
Fig.  63.— Cow)es'  ore-*ai«ltiiig  furnace.         tion    of    a    somewhat 
different  apparatus. 
The  two  electrodes  were  arranged  ao  as  to  include  an  angle 
between  them.     The   upper   waa   hollow   and   was   filled  with 
the  ore   to  be   reduced,   which  was   to  be  gradually  impelled 
forwards  by  a  screw.     In  connection  with  this  description  it  is 
interesting  to  examine  a  sketch  (Fig.  63)  which  is  taken  from  an 
English  patent  speciftcation  of  H.  Cowlea.J     In  this  figure,  E  E 
are  the  electrodes,  into  the  upper  of  which  the  ore  is  fed  by 
means  of  a  funnel,  and  so  passes  to  the  neighbourhood  of  the  arc, 
while  the  fused  products  pass  out  beneath. 

It.  is  not  impossible  that  the  Johnson  named  in  the  above 

patent  was  onlj'the  agent  for  the  real  inventor,  for  the  first  part 

of  the  above  deBcription  would  suit  an  apparatus  which  was 

described  by  Pichou   in  the  year    1853,  and  is  considered  by 

•  Comptu  Rendu*,  1849,  vol.  iiii.  +  English  Patent  700, 1SB3. 

t  Eoglisb  Patent  4664, 1887. 
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Andreoli*  to  be  the  first  electric  smelting  furnace;  this  apparatus 
is  shown  in  Fig.  64,  which  is  reproduced  from  the  original  sketch. 
Here,  O  O  are  carbon  rods  gripped  by  the  holders,  A  A,  XX  are 
the  conducting  wires,  T  T  are  screws  to  advance  the  carbons  into 
the  furnace,  M  is  masonry,  N  is  the  smelting  hearth  with  a  grate 
placed  beneath  it,  and  L  is  the  chimney.      In  the  then  state  of 


^     

Fig.  64.— Piohoa*8  smelting  furnace* 

technology  the  practical  use  of  this  invention  was  out  of  the 
qaestion ;  but  the  possibility  of  applying  it  was  never  lost  sight 
of. 

The  Siemens  Eleotrio  Furnace. —Sir  William  Siemens' 
electric  fumacef  for  refractory  materials  showed  in  principle  little 
that  was  new.  It  was  not  proposed  to  use  it  for  the  extraction 
of  aluminium.  The  whole  arrangement  of  the  details  of  the 
furnace,  however,  forms  so  interesting  au  object  of  comparison 
with  the  productions  of  the  modern  inventor,  shortly  to  be 
described,  that  a  description  of  the  apparatus  must  not  be 
omitted  here. 

Siemens  himself  has  described  t  the  apparatus.  A  crucible, 
T  (Fig.  65),  made  of  graphite  or  other  very  refractory  material  is 
placed  in  a  metallic  case,  H,  the  spcu^e  between  the  two  vessels 
being  filled  with  powdered  charcoal  or  other  bad  conductor  of 
heat.  A  rod  of  iron  or  platinum,  or  of  gas-carbon,  such  as  is 
used  for  electric  light  purposes,  is  passed  through  a  hole  in  the 
bottom  of  the  crucible.  The  cover  of  the  crucible  is  also  bored 
in  order  that  the  negative  electrode  may  be  passed  through  it. 
For  this  electrode  is  used,  if  possible,  a  cylinder  of  compressed 
carbon,  which  should  be  of  uniform  measurement ;  it  is  sus- 
pended from  the  end,  A,  of  a  beam,  A  B,  supported  in  the  centre 

•  Induitriei,  1893.  t  English  Patent  2110,  1879. 

:|:  Elthtroiechnuche  ZeiUehrift,  1880. 
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b;  means  of  a  strip  of  copper  or  other  gixtd  conducting  material, 
whilst  to  the  other  end,  B,  of  the  beam,  a  hollow  cylinder  of  soft 
iron  is  so  fastened  that  it  can  move  freely  in  a  vertical  plane 
within  a  coil  of  wire,  S,  which  offers  a  total  resistanoe  of  about 
50  ohms.  The  magnetic  force  by  which  the  hollow  iron  cylinder 
is  drawn  into  the  solenoid-coil,  is  balanced  by  a  counterpoise,  G, 
which  may  be  moved  freely  along  the  beam,  A  B.  The  resistance 
of  the  arc  is  determined,  and,  witliin  the  limits  imposed  by  the 
source  of  power  is  £xed,  by  the  shiiling  of  the  sliding  weight 
to  any  required  point.  The  one  end  of  the  solenoid'Coil 
is  connected  to  the  positive,  the  other  to  the  negative, 
pole  of  the  electric  arc.    Hence   an   increased   resistance   of 


Fig.  65. — SiemeDB'  electric  farDtwe. 

the  arc  leads  the  negative  electrode  to  sink  to  a  greater  depth 
within  the  crucible,  whilst  a  diminished  j-eaistance  causes  the 
counterpoise  to  press  the  iron  cylinder  deeper  in  the  coil, 
whereby  the  length  of  the  arc  is  increased  until  equilibrium 
is  restored  between  the  opposing  forces.  This  automatic 
regulation  is  of  the  highest  importance,  for  without  it  the 
temperature  in  the  crucible  would,  on  the  one  hand,  diminish, 
while,  on  the  other  hand,  the  sudden  diminution  in  the  electric 
resistance  of  the  materials  during  the  melting  would  produce 
not  only  a  sudden  increase  in  the  resistance  of  the  arc,  but 
probably  also  the  extinction  of  the  latter.  It  is  essential  to  the 
satiafactory  performance  of  electric  fusion,  that  the  substance  to 
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be  melted  shonld  form  the  positive  pole  of  the  arc,  because,  as  is 
well  koown,  heat  is  generated  at  this  pole.  This  arraneeineat 
is  evidently  suited  for  use  with  metals  only,  for  non-conducting 
earths  or  gases  it  is  necessary  to  provide  an  indestructible 
positive  pole  which  is  alio  capable  of  being  melted,  and  so  of 
forming  a  layer  of  liquid  at  the  bottom  of  the  crucible.  The 
heat  accumulates  very  rapidly.  With  the  aid  of  a  medium  sized 
(36  "  Webera "  •)  dynamo  a  crucible  8  in.  deep,  set  in  non-con- 
ducting material  may  be  brought  to  a  white  heat  in  less  than  a 
quarter  of  an  hoar,  and  2  lbs.  of  steel  maybe  melted  ia  it  within 
half  an  hoar  from  the  commencement.  To  check  the  consumption 
of  the  negative  pole,  the  author  [Siemens]  uaea  a  water-cooled 
electrode,  or  a  tube  of  copper  through  which  a  stream  of  cold 
water  is  made  to  circulate.  This  consists  of  a  simple  copper 
cylinder,  closed  at  the  lower  end,  and  containinga  caoutchouc  tube 


¥ig.  66.-~Siemeiu'  modified  electric  fnniaoe. 

which  reaches  nearly  to  the  bottom  and  serves  to  convey  into  it 
a  stream  of  water. 

The  adjoiaing  sketch  (Fig.  66)  is  taken  from  the  English 
patent  specification,  t  Of  the  electrodes,  A  is  made  of  carbon, 
whilst  £  ia  a  metal  tube  cooled  by  cold  air  or  by  water,  as  in 
Fig.  66.     Elach  electrode  is  guided  by  a  pair  of  rollers,  E,  r. 

A  common  crucible  steel  furnace  uses  from  i!}  to  3  tons  of  the 
best  coke  per  ton  of  steel  melted,  a  regenerative  crucible  furnace 
only  1  ton,  and  a  regenerative  gas  furnace  when  used  in  connec- 
tion with  an  open  hearth,  only  about  12  cwts.  The  electric  furnace 
therefore  approximates  to  the  regenerative  gas  furnace  in  respect 
of  fuel  economy.  But  the  former  bos  the  following  advant^es  : 
. — I.  The  temperature  attainable  is  theorelically  unlimited.  2. 
The  charge  is  melted  in  a  completely  neutral  atmosphere.  3. 
The  process  can  be  conducted  without  much  preliminary  pre- 
paration, and  under  the  direct  supervision  of  the  experimenter. 

*  [The  Weber  was  the  old  electrical  anit  of  qaontitj ;  in  the  above  plaoe 
it  maj  be  trnntUted  amperes. — Tra.vsi^tok.] 

t  ^n^h  Patent  4208,  187S.  <" 
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i.  Even  when  naiDg  the  ordinuy  refractory  materials,  the  limit 
of  temperature  that  may  be  practicallT  reached  ia  Tery  high, 
because  in  the  electric  furnace  the  suostance  which  is  being 
heated  is  hotter  than  the  crucible,  whilst  in  ordinary  melting 
processes  the  temperature  of  the  crucible  must  exceed  that  of  ita 
charge.  Although  the  electric  furnace  may  not  supplant  thd 
ordinary  furnace,  yet  chemical  reactions  of  the  most  varied  kind 
may  be  in  future  carried  on  with  ita  aid,  and  at  temperatures 
hitherto  unattainable.  In  course  of  practical  trials  with  this 
apparatus,  it  was  found  that  20  lbs.  of  steel  could  be  completely 
melted  in  an  hour,  and  9  lbs,  of  platinam  in  a  quarter  of  an  hour, 
whilst  copper  which  had  been  packed  in  carbon  dust  lost  more 
than  90  per  cent,  of  its  weight  by  volatilisation. 


Fig.  67. 
Mengeii'  electric  furnace. 


Kg.  68.  Fig.  69. 

The  Kleiner -Fiertz  klnmininm  furnace. 


The     Menges    Eleotrio    'Furnaoe. — The    construction    of 

Meoges'  *  furnace  shows  but  little  novelty.     It  may  be  pictured 

as  an  arc  lamp  with  a  fixed  electrode  at  the  bottom,  attached  to 

a  crucible  made  of  some  conducting  material,  whilst  the  upper 

•  German  Patent  40,3M,  1886. 
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electrode,  passing  through  the  crucible  cover,  is  kept  suspended 
at  the  proper  distance  above  the  former,  with  the  help  of  suit- 
able mechanism.  The  movable  electrode  is  made  of  a  compressed 
mixture  of  a  convenient  electric  conductor,  such  as  carbon, 
with  the  metallic  oxide  that  is  to  be  reduced.  The  whole 
apparatus  may  be  suspended  within  a  closed  jacket,  in  order 
that  the  fusion  may  be  effected  under  pressure  if  desired. 
Fig.  67  shows  the  method  of  suspension,  and  the  valves,  mano- 
meter, and  binding  screws  attached  to  the  jacket. 

The  Kleiner-Fiertz  Electrio  Furnace. — Kleiner-Fiertz  * 
proposes  to  melt  and  decompose  the  double  fluorides  of  aluminium 
in  the  electric  arc.  The  electrodes  of  the  apparatus  (Figs.  68,  69) 
dip  into  a  vessel,  B,  lined  with  clay  and  filled  with  cryolite  and 
bauxite.  The  negative  electrode,  R,  is  capable  of  adjustment 
in  a  vertical  plane,  and  the  position  of  the  positive  pole  is  con- 
trolled by  a  weighted  lever  and  a  solenoid,  its  movements  being 
limited  and  checked  by  a  piston,  I,  plunging  into  a  liquid,  and 
placed  above.  It  is  difficult  to  say  what  advantage  this  arrange- 
ment has  over  that  of  Siemens.  The  practical  success  of  the 
method,  no  doubt,  remains  far  behind  that  anticipated  for  it  by 
the  inventors ;  but  it  is  not  possible  to  imagine  continuous  work 
I  with  any  material,  which,  although  comparatively  easy  to  melt, 

has  ample  opportunity  for  re-solidifying  owing  to  the  concentra- 
tion of  the  heat  of  the  arc  at  so  small  a  point  in  immediate 
proximity  to  cold  material.  An  interruption  of  the  current 
would  be  much  more  frequently  necessitated  by  the  freezing 
of  the  electrode  into  the  charge,  than  by  the  decomposition  of  a 
sufficient  quantity  of  the  double  fluoride  in  the  bath. 

The  Grabau  Eleotrio  Furnace.  —  Grabau's  process  and 
apparatus  for  melting  or  reduction  by  means  of  the  electric 
arcf  have  not  removed  the  difficulties  described  in  connec- 
tion with  the  Kleiner-Fiertz  plant;  indeed,  they  have  the 
appearance  of  exhibiting  these  disadvantages  in  an  even  higher 
degree.  The  material  to  be  melted  is  introduced  beneath  the 
surface  of  the  fused  mass  in  the  crucible  by  means  of  tubes, 
and  this  mass  forms  one  pole  for  the  passage  of  the  current. 
Various  modifications  are  illustrated  in  the  patent  specification 
which  allow  the  material  under  reduction  to  be  added  con- 
tinuously, either  alone,  or  associated  with  the  metal  that  is  to 
be  alloyed  with  it.  The  alloying-metal  at  the  same  time  is  made 
to  conduct  the  current.  The  fused  mass  is  kept  at  a  constant 
height  by  means  of  an  overflow  notch.  The  illustration  and 
detailed  description  of  this  apparatus  need  not  be  given  here 
for  the  reasons  already  indicated. 

The  Gterard-Iiescuyer  Furnace. — The  apparatus  (Fig.  70) 

*  German  Patent  42,022,  1886.    [Compare  English  Patents  8531,  Jane  29, 
1886,  and  15,322,  Nov.  24,  1886.] 
.t  German  Patent  44,51 1,  1886. 
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of  Oerard-Lescuyer*  affords  a,  very  good  illastration  of  the 
furoace  patented  by  Johnaon  in  1863.  IiMteftd  of  mixing  the 
ore  vith  carbon  before  submitting  it  to  the  action  of  the  arc, 
he  moulds  it  iato  bars  with 
the  aid  of  pressure,  and  in 
admixture  with  copper,  alu- 
mina, carbon,  and  tar,  and 
then  uses  these  as  electrodes 
for  the  production  of  the 
arc.  In  other  respects  the 
process  is  sufficiently  de- 
scribed by  Johnson's  specifi- 
cation (p.  130). 

The  Eleotrio  Conatmo- 
tion  Corporation  Fnrnaoe. 
— The  furnace  of  the  Elec- 
trical Construction  Corpora- 
Fig.  70.— The  Gerard-LeKuyer  t'<"»t  accomplishes  the  heat- 
electric  fnniBoe.  ing  of  the  charge  by  means 
of  the  arc,  as  well  as  by 
resistances  interposed  between  the  electrodes;  and  the  charge 
itself,  if  sufficiently  conductant,  may  evidently  couRtitute  this 
resistance.  In  the  vertical 
section,  shown  in  Fig.  71, 
F  is  the  shaft  of  the  furnace, 
and  a  a  hopper  for  the  intro- 
duction of  the  charge.  The 
hopper  is  closed  with  two 
sliding  valves,  A  A,  to  ex- 
clude the  air  at  the  time 
of  charging,  and  has  a  worm, 
B,  to  convey  the  matenal 
from  a  into  the  furnace. 
The  electrodes,  c'  e,  project 
from  two  opposite  sides  into 
the  hearth  of  the  furnace ; 
they  consist  of  carbon  cylin- 
ders contained  in  metallic 
coses,  c  c,  which  are  con- 
nected to  the  poles  of  the 
dynamo  by  the  wires,  d  A 
The  cases,  c  (or  the  elec- 
trodes themselves,  if  they 
be  of  metal),  can  be  pro- 
vided with  an  arrangement 
for  internal  cooling  by  means 
of  water.  The  thin  carbon  or  metal  rods,  c",  serve  to  start 
*  Gennan  Patent  46,0*0,  1887.                 t  German  Patent  66,700,  189a 
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the  furnace   by   completing  the   electric  circuit.      They   maj 
be   introduced   through  separate  perforations  in  the  walls  of 
the  furnace,  and  be  in  electrical  connection  with   the   cases, 
c,  or  they   may   be   passed   through   central    channels  in   the 
ordinary  electrodes,  c  ;  in  the  latter  case,  either  one  subsidiary 
electrode  may  be  used  which  makes  contact  with  the  thicker 
pole  (a')  opposite,  or  two  may  be  employed,  one  within  each  of 
the  larger  cylinders,  e'.     Any  gases  or  vapours  that  may  be 
evolved    escape     through 
the    opening,    g,    in    the 
upper  part  of  the  furnace, 
and    slag    is    tapped    off 
through  h.     The  working 
doors,   X,   may   be  closed 
either  by  fireclay  doors,  or 
by   a   lute   of   the   same 
material.      In    order    to 
equalise    the    heat    pro- 
duced, the  hearth  of  the 
furnace  may  contain  either 
moltca     metal     or     any 
material   that    is    a  suffi- 
ciently   good     coniluctor. 
In    charging,    the    Space 
between     the     electrodes 
may    be  filled  with  frag- 
ments of  coke,  which  then 
become  heated  to  redness. 
Carbon    powder    may   be 
strewn   over  the  ends  of 
the    electrodes   from    the 
doors,  X,  to  compensate  for 
that  which  is  lost  by  com- 
bustion. 

The  Willson    Fur- 
naoe.~References    to  Fig.  7i— The  Willson  furnaca 

Willson's  *      process      of 

producing  aluminium  are  frequently  to  be  found  in  technical 
literature.  But,  by  the  light  of  his  patent  speci&cationa, 
aluminium  could  scarcely  be  reduced  profitably,  because,  like 
Kleiner- Fiertz  and  others,  he  employs  the  electric  arc  for  heating 
and  electrolysis,  which  is  both  costly  and  extravagant.  His  first 
furnace  was,  at  least,  so  far  unlike  that  of  Siemens'  that  he  had 
introduced  an  arrangement  by  which  reducing  gases  (or  carbon 
powder  and  the  like)  might  be  injected  into  the  arc,t  in  order 

■U.S.A.  Patents  430.453,  Jnns  17,  1890;  492,377,  Feb.  21,  lS9a    Enghsh 
FatanU  4737,  March  17,  1891 ;  31,096.  Nov.  28,  1892;  21,701,  Mot.  2S,  1892. 
t[Biiglish  Patent  936t,  Jnne  17,  1S90.] 
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to  assist  the  electrolytic  action  to  some  extent;  bnt  it  is  less 
easy  to  discover  the  points  of  novelty  exhibited  by  his  latest 
apparatus.  A  carbon  crucible,  B  (Fig.  72),  is  set  in  masonry,  A, 
and  is  connected  by  the  metal  plate,  6,  to  a,  which  is  joined  up 
to  the  electric  lead.  A  carbon  rod,  C,  forms  the  other  pole,  and 
is  joined  by  the  holder,  c,  to  a  threaded  spindle,  g,  by  which 
vertical  movements  may  be  imparted  to  it  with  the  aid  of  the 
hand-wheel,  A.  The  material  to  be  reduced  is  mixed  with  so 
much  carbon  that  it  cannot  actually  fuse  ;  yet  the  inventor 
expects  the  resulting  metal  to  liquate  from  this  excess  of  carbon, 
so  that  it  may  from  time  to  time  be  withdrawn  through  the 
tap-hole,  (/,  and  he  hopes  that  such  a  method  will  be  practically 
successful. 

The  Electrolysis  of  fased  AlnTniniiiTn  Compounds  by^ 
Currents  of  Tory  high  Density  for  the  Production  of  a 
Melting  Temperature  by  the  Heating  Action  of  the 
Current. — It  is  perfectly  well  known  that  the  electric  current 
generates  heat  in  passing  through  any  conductor;  and  from 
Joule's  Law,  to  which  allusion  was  made  in  the  introduction, 
it  is  further  evident  that  the  conversion  of  electrical  energy 
into  heat  varies  with  the  square  of  the  current  strength.  The 
low  conductance  of  the  liquid  conductors  known  as  electrolytes, 
in  contrast  with  that  of  simple  conductors,  necessitates  the  use 
of  a  very  strong  current  for  the  former,  especially  if  the  electrodes 
be  not  immersed  to  any  great  depth  ;  and  this  current  is  indet  d 
so  powerful,  that  even  refractory  substances  may  be  fused  and 
brought  into  the  liquid  condition  by  the  heat  generated.  In 
this  manner  the  whole  mass  of  the  electrolyte  becomes  very 
uniformly  heated  during  electrolysis;  and  this  is  a  great  advan- 
tage as  compared  with  the  localisation  of  the  heat  when  the 
arc  is  employed. 

The  H&ronlt  Process. — The  introduction  of  this  principle 
not  only  rendered  the  extraction  of  aluminium  possible  as  a 
manufacturing  process,  but  solved  the  difficulty,  hitherto  in- 
superable, of  finding  a  suitable  material  for  the  construction 
of  the  melting  vessels.  At  the  present  moment,  all  aluminium 
works  make  use  of  baths,  which  are  kept  fluid  by  electrical 
agency ;  but  the  first  and  almost  the  only  inventor  who,  so  far, 
has  given  in  his  patent  a  good  specification  of  this  method  of 
working,  accompanied  by  clear  illustrations,  is  the  French 
chemist,  Paul  H^roult.  In  his  [German]  specification*  he 
describes  his  invention  as  a  "process  for  the  production  of 
aluminium  alloys  by  the  heating  and  electrolytic  action  of  an 
electric  current  on  the  oxide  of  aluminium,  Al2()3,  and  the  metal 
with  which  the  aluminium  shall  be  alloyed."     [The  title  of  the 

•  French  Patent  170,003,  April  15, 1887 ;  Belgian  Patent  77, 100.  April  16, 
1887 ;  English  Patent  7,426,  May  21,  1887  ;  German  Patent  47,166,  Dec,  8» 
1887;  U.S.A.  Patent  387,876,  Aug.  14,  1888. 
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English  patent,  which  was  takes  out  irt  the  name  of  Henderaoa, 
ia  somewhat  different,  and  covers  a  larger  field  ;  it  runs  thns — 
"An  improved  Process  fbr  the  Preparation  of  Alnminium,  Aln- 
minium  Bronze,  and  Alloys  of  AlumiDium  by  Electrolysis. "] 

The  method  of  heating  will  be  sufficienUy  explained  by  the 
following  deBoription  and  sketch  of  an  apparatus  which  was 


D  loDgitudiniJ  tectiOD, 

actually  brought  into  use  by  the  Swiss  Metallurgical  Company, 
now  the  Alnminium-Industrie-Aktiengesellschaft,  at  Neuhausen, 
in  Switzerland.  Fig.  73  shows  a  case  of  iron  or  other  metal,  a, 
insulated  below  and  open  at  the  top,  and  provided  with  a  thick 
lining  of  carbon  pUtes,  A,  which  are  held  together  by  some 
carbonaceous  cementing-medium,  such  as  tar,  treacle,  or  f^lucose. 
The  material  of  which  the  case,  a,  is  made  must,  also  be  a  good 
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oondnctor;  and  in  order  to  ensure  the  most  intimate  contact 
between  the  outer  surfaces  of  the  carbon  lining,  A,  and  the 
inner  side  of  the  case,  a,  and  hence  to  obtain  a  high  conductance, 
the  case  may,  with  advantage,  be  made  by  casting  it  as  a  shell 
around  the  lining ;  the  cooling  of  the  mass  will  then  produce 
the  desired  effect.  Attached  to  a  are  a  number  of  copper  pins,  a', 
which  conduct  the  current,  with  the  least  possible  electrical 
resistance,  from  the  negative  leads  to  the  basin  or  crucible,  A. 
In  the  crucible  are  immersed  the  ends  of  the  positive  electrode,  B, 
the  carbon  rods  composing  which  are  either  laid  close  together 
or  are  separated  by  small  spaces,  that  must  be  filled  up  with  a 
conductor,  such  as  copper  or  carbon.  At  the  upper  ends,  the 
carbon  plates  are  held  together  by  the  frame,  g,  which  is  sus- 
pended from  a  chain  by  means  of  the  eye,  e,  so  that  the  whole 
electrode,  B,  may  be  brought  into  place,  or  raised  or  lowered  at 
will.  The  lower  frame.  A,  attached  to  the  electrode,  B,  is 
provided  with  the  necessary  clamps  or  screws  for  making  connec- 
tion with  the  positive  lead  from  the  dynamo.  With  the  excep- 
tion of  the  space,  t,  around  the  electrode,  B,  and  necessary  for 
its  free  vertical  movement,  the  melting  chamber  is  closed 
entirely  by  the  graphite  plate,  k,  which,  however,  has  opening^  n, 
for  the  introduction  of  materials  to  the  furnace.  Channels  are 
cut  in  the  lining,  A,  to  correspond  with  the  apertures,  n,  and 
these  channels,  m,  n,  provide  also  for  the  escape  of  gases 
generated  in  the  furnace.  The  movable  plates,  o,  provided  with 
the  rim,  o\  and  the  handle,  o",  serve  to  cover  the  openings,  n, 
during  the  progress  of  the  melting  process.  The  space  between 
the  graphite  plate,  k,  and  the  rim  of  the  case,  a,  is  filled  in  with 
charcoal  powder,  as  shown  at  A;'. 

In  starting  the  operation,  copper,  preferably  in  a  finely  divided 
condition,  is  placed  within  the  crucible,  A ;  the  sheaf  of  anode 
carbons,  B,  is  lowered  until  it  comes  in  contact  with  the  copper, 
the  current  then  traverses  the  latter  and  causes  it  to  fuse.  As 
soon  as  the  bath  of  fluid  copper,  which  forms  the  negative  pole, 
is  ready,  alumina  is  introduced  into  the  crucible,  and  the  anode 
sheaf,  B,  is  raised  a  little  higher.  The  current  now  passes 
through  the  alumina,  which  melts  and  becomes  decomposed,  the 
oxygen  uniting  with  the  carbon,  6,  and  burning  it  to  carbonic 
oxide,  which  escapes  as  a  gas  from  the  mouth  of  the  crucible,  and 
the  aluminium  separated  from  its  combination  with  oxygen  being 
absorbed  by  the  copper  and  forming  aluminium-bronze.  The 
crucible  is  now  supplied  with  both  copper  and  alumina^  either 
continuously  or  intermittently,  at  a  rate  depending  upon  the 
progress  of  the  electrolysis. 

The  anode  sheaf,  as  already  explained,  must  be  raised  or 
lowered  according  to  the  resistance  in  the  circuit.  This  regula- 
tion may  be  made  automatic  by  connecting  the  chain  carrying 
the  anodes,  B,  with  a  reversible  electric  motor,  which  is  regulated 
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by  the  ampere  meter  and  acta  as  an  electric  regulator.  To  tap 
off  the  melted  aluminium-bronze  which  accumnlates  in  the 
omcible,  the  mould,  (,  lined  with  carbon,  ia  wheeled  into  position 
nnder  the  tap-hole,  C;  thecarbonrod,c,iathen  withdrawn  from  the 
latter,  and  ia  only  replaced  when  the  mould  is  full.  The  electro- 
lytic process  ia  continued  by  lowering  the  carbon,  B,  deeper  into 
Uie  crucible  again,  and  continuing  tbe  additiona  of  copper  and 
alumina  as  before.  A  current  of  about  13,000  amperes  and  12 
to  15  yolts  is  to  be  recommended  aa  suitable  for  this  process. 


^g.  7S. — He'ronU'a  klDmininm-fnmBca  for  small  initolUtiona. 

So  far  the  description  has  referred  to  the  German  patent 
specification.  Those  of  other  countries  do  not  differ  sensibly 
from  the  above,  exeepting  that  the  sketch  aocompanying  them 
shows  a  simpler  form  of  apparatus,*  which  may  be  here  repro- 
duced (Fig.  75)  since  it  is  well  adapted  for  use  in  smaller 
experimenta,  and  also  possesses  some  historic  interest.  The 
crucible,  a,  stands  on  a  plate,  p,  of  conducting  material  The 
apace  between  the  crucible  and  the  masonry,  m,  is  filled  with 

*  [The  cmrent  valuM  recommended  in  the  English  patent  for  a  famace  of 
thii  type,  with  a  crucible  8  in.  (20  cm.)  deep,  intemiJly,  andS^in.  (Ucm.) 
wide  at  the  top,  and  vith  an  electrode  2  in.  (5  om.)  m  diameter,  are  MO 
amperes  x  SO  to  25  rolta. — Txanblatob.] 
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powdered  carbon,  g.     The  carbon  anode,  d^  passes  through  the 
cover,  5,  and  the  crucible  itself  forms  the  cathode. 

Aocording  to  the  claims  in  the  [German]  patent  specification 
this  process  is  concerned  in  the  production  of  aluminium  alloys, 
and  primarily  with  aluminium- bronze.  Two  obstacles  stand 
specially  in  the  way  of  its  application  to  the  extraction  of  pure 
aluminium — viz.,  first,  the  high  fusing  point  of  the  alumina^  and, 
secondly,  the  material  of  which  the  cathode  is  made.  Deville 
himself  pointed  out  that  with  a  carbon  cathode  the  process  could 
not  possibly  work  smoothly.  The  following  pages  will  show 
how  these  difficulties  have  been  obviated. 

The  Hall  Process. — Recent  publications  relating  to  aluminium 
state  that  the  metal  is  extracted  in  America  under  the  Hall 
patents,  and  in  Europe  under  those  of  Heroult  and  Minet.  This 
statement  stands  in  direct  opposition  to  the  author's  criticism  on 
the  Hall  and  Minet  processes  in  the  first  edition  of  the  present 
work,  which  was  to  the  effect  that  "  thjR  American  patents  of  C 
M,  Uall,  as  well  as  A.  Minet*  8  process^  a/re  founded  partly  on  facts 
which  liave  long  been  known^  and  partly  on  others  which  have  been 
found  to  be  inapplicable  in  practice,** 

If  Hall  or  Minet  have  worked  out  processes  which  differ  from 
those  described  in  their  patents,  the  author  does  not  dispute  the 
statement  that  certain  factories  may  have  one  of  these  systems 
in  operation.*  But  at  this  point  the  question  under  discussion 
is  whether  the  process  is  worked  according  to  the  original  Hall 
and  Minet  specifications  which  the  author  still  holds  to  be  im- 
practicable. In  the  first  place,  the  inventors  may  be  allowed 
to  speak  for  themselves  in  the  actual  words  of  their  patent 
specifications,  which  are  here  given,  together  with  reproductions 
of  the  original  drawings. 

The  first  application  of  Ch.  M.  Hall  f  was  received  in  the 
Patent  Office  of  the  United  States  of  America  on  July  9,  1886 ; 
it  was  divided,  and  formed  the  basis  of  the  two  patents  400,766 
and  400,664  of  April  2,  1889  (the  day  that  the  patent  was 
granted). 

Hall's  American  Patent,  No.  ^H)0,766.— "The  invention 
described  herein  relates  to  the  reduction  of  aluminium  from 
its  oxide  by  dissolving  such  oxide  in  a  bath  containing  a  fused 
fluoride  salt  of  aluminium,  and  then  reducing  the  aluminium 
by  passing  an  electric  current  through  the  bath,  substantially  as 

*  [It  may  be  noted  in  passing  that  the  American  Courts  upheld  the 
validity  of  Hall's  patents,  on  the  ground  that  the  method  of  heating — exter- 
nally by  ordinary  fuel,  or  internally  by  the  current — ^is  not  an  essential  point, 
and  that  the  patents  covered  the  use  of  alumina  dissolved  in  fused  cryoUte. 
The  trial  lasted  for  a  long  time,  and  judgment  was  given  after  the  hearing 
of  much  evidence  concerning  prior  processes.  Both  these  processes  are  now 
in  use,  the  Hall  process  at  Niagara  (see  p.  149),  and  the  H^oult  in  the 
South  of  France. — Translator.] 

t  [Compare  English  Patent  5669,  April  2,  1889.] 
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hereinafi«r  more  fuUy  deKrihtd  and  daimed.  In  the  accompany- 
ing drowingB,  Fig.  76  represents  a  sectional  elevation  of  a  form 
of  apparatus  applicable  in  tjie  practice  of  my  invention,  and 
Fig.  77  is  a  view  partly  in  elevation  and  partly  in  section  of  a 
modified  form  of  apparatus. 

"In  the  practice  of  my  invention  I  prepare  a  bath  for  the 
aolntion  of  the  aluminium  by  fusing  together  in  a  suitable  crucible, 
A,  the  fiuoride  of  aluminium  and  the  fluoride  of  a  metal  more 
electro-positive  than  aluminium — as,  for  example,  the  fluoride  of 
sodium,  potassium,  &c — these  salts  being  preferably  mingled 
together  in  the  propor- 
tions of  S4  parts  of  sodium 
fluoride  and  169  parts  of 
aluminium  fluoride,  repre- 
-sented  by  the  formula, 
NajALFg.  A  convenient 
method  of  forming  the 
bath  consists  in  adding  to 
the  mineral  cryolite  }f| 
of  its  weight  of  aluminium 
fluoride.  The,  object  of 
thus  adding  alumimum 
fluoride  is  to  secure  in  the 
bath  the  proper  relative  _ 
proportions  of  the  fluorides 
of  aluminium  and  Bodiam. 
To  the  fused  bath  is  added 
alumina,  or  the  oxide  of 
aluminium,  in  sufficient 
quantities,  and  the  alumina 
being  dissolved  by  the 
fused  bath  an  electric  cur- 
rent is  passed  through  the 
solution  by  means  of  suit- 
-able  electrodes,  C  and  D, 
connected  with  a  dynamo 
electric  machine  or  other 

suitable  source  of  electricity,  and  immersed  in  the  solution. 
By  the  action  of  the  electric  current,  which  preferably  has  an 
■electromotive  force  of  about  4  to  6  volts,  oxygen  is  released  at 
the  positive  electrode,  0,  and  aluminium  is  released  at  the 
negative  electrode,  D,  which,  on  account  of  the  affinity  of 
■aluminium  for  other  metals,  ia/ormed  of  carbon  {/)  when  it  it 
desired  to  produce  pure  aluminium.  The  positive  electrode  may 
be  formed  of  carbon,  copper,  platinum,  or  other  euiUMe  material. 
When  formed  of  carbon  the  electrode,  C,  is  gradually  consumed, 
«ad  must  therefore  be  renewed  from  time  to  time;  but  when 
formed  of  coppflr  an  oxide  coating  is  formed  over  the  surface  of 
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the  electrode.  This  coatiDg  serves  to  protect  the  electrode  from 
farther  destruction  by  the  action  of  the  oxygen,  but  does  not  in- 
terfere materially  with  the  conducting  qualities  of  the  electrode* 
"  On  account  of  the  af&nity  of  the  aluminium  for  other  metals, 
and  also  the  corrosive  action  of  the  materials,  I  prefer  to  form 
the  crucible,  or  melting  pot,  A,  of  metal — as  iron  or  steel — 
and  protect  the  same  from  the  action  of  the  aluminium  by  a 
carbon  lining,  A'.  This  crucible  is  placed  in  a  suitable  /umace, 
B,  and  subjected  to  a  sufficient  heat  to  fuse  the  materials  placed 
therein,  such  materials  fusing  at  approximately  the  same 
temperature  as  common  salt. 

"  In  lieu  of  the  electrode,  D  (Fig.  76),  the  carbon  lining,  A', 
may  be  employed  as  the  negative  electrode,  as  shown  in  Fig.  77, 

the  conductor  from  the  negative  pole  of 
the  electric  generator  being  suitably  (!) 
connected,  as  shown  at  N,  to  such 
lining. 

"  In  order  to  render  the  bath  or  sol* 
vent  more  fusible,  fluoride  of  lithium 
may  be  substituted  for  a  portion  of  the 
fluoride  of  sodium  ;  as,  for  example,  for 
one-fourth  the  fluoride  of  sodium,  an 
equivalent  amount  of  lithium  fluoride 
by  molecular  weights  may  be  substi- 
tuted. Thus  26  parts  of  lithium  fluoride 
displacing  42  parts  of  sodium  fluoride, 
the  resulting  combination  contains  26 
parts  of  lithium  fluoride  for  every  126 
parts  of  sodium  fluoride  and  338  parts 
of  aluminium  fluoride. 

"  While  I  consider  the  proportions  of 
fluorides  of  sodium  and  aluminium,  and  of  the  fluorides  of  sodium, 
lithium,  and  aluminium  hereinbefore  stated,  are  best  adapted  for 
the  purpose,  such  proportions  may  be  varied  within  certain  limits 
without  materially  affecting  the  operation  or  function  of  the  bath, 
as,  in  fact,  any  proportions  which  may  be  found  suitable  may  be 
employed.  The  aluminium,  as  it  is  reduced  at  the  negative 
electrode,  is  melted  and  collects  thereon  in  globules,  and  then 
drops  down  to  the  bottom  of  the  bath,  which  is  of  lower  specific 
gravity  than  the  molten  aluminium,  and  can  be  removed  by 
suitable  means ;  or  the  bath  may  be  poured  out,  and  after  being 
cooled  the  aluminium  can  be  picked  out.'' 

Clearly,  in  this  patent,  external  firing  is  expressly  prescribed 
for  the  heating  of  the  crucible  and  its  contents,  and,  further,  the 
use  of  carbon  cathodes  is  specified.  These  two  claims  make  it 
quite  evident  that  the  inventor  at  this  time  was  still  far  from 
recognising  the  conditions  that  must  he  fulfilled  in  any  process  which 
is  to  he  of  practical  use  in  the  extraction  of  aluminium. 


Fig.  77. 

Modified  apparatus.  Hall 
patent  480,766. 
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Hall's  American  Patent,  No.  400,664 — In  this  apecifioation 
vhich  agrees  throughout  with  the  preceding,  both  in  idea  and 
ezprcBaion,  aaother  solvent  for  the  alumina  is  first  proposed ; — 
"This  combination  which  may  be  termed  the  '  double  fiuoride  of 
aluminium  and  potassium'  is  preferably  formed  hj  mixing 
t<^ther  169  parts  of  aluminium  fluoride  and  116  parts  of 
potassium  fluoride,  such  proportions  of  the  ingredients  correspond- 
ing to  the  formnla  K^AI^g.  A  variation  of  these  proportions 
within  certain  limits  produces  only  immatorial  changes  in  oper- 
ativeness  of  laj  process— as,  for  example  (as  I  now  believe  the 
fact  to  be),  a  larger  proportion  of  potassium  fluoride  increases  the 


Rg.  78.  Kg.  79.  Kg.  80. 

The  HbU  fomace,  Americsn  Patent,  No.  400,664. 

capacity  of  the  bath  for  dissolving  alumina,  but  at  the  same  time 
lessens  its  fusibility,  whereas  a  larger  proportion  of  aluminium 
fluoride  renders  the  bath  more  fusible  but  decreases  its  capacity 
for  dissolving  alumina. 

"  The  combination  of  the  fluorides  of  aluminium  and  potassium 
may  be  rendered  more  insible  and  its  capacity  for  dissolving 
alumina  may  be  increased  by  the  addition  of  lithium  fluoride, 
or  a  partial  substitution  thereof  for  potassium  fluoride — as,  for 
example,  the  combinations  of  the  fluorides  of  aluminium,  potas- 
sium and  lithium,  represented  by  the  formuln  KLiAl^Fg  or 
EgLi, Al^F,^  are  effective  as  regards  their  capability  for  dissolving 
alumina,  and  are  quite  fusible. 

10 
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The  apparataa,  shown  in  the  annexed  Figs.  79,  SO,  81,  to  be 
used  in  conducting  the  ftlectrolysis  is  then  described: — "The 
crucible,  A,  containing  the  above-described  bath  or  solvent  is 
placed  in  a  suitable  /umaee,  B,  aod  heated  sufficiently  to  melt 
the  bath — i.e.,  to  approximately  a  low  red  heat.  The  electrodes, 
0  and  D,  having  suitable  connections  -with  a  dynamo-electric 
machine,  or  other  suitable  source  of  electric  energy,  are  then 
inserted  into  the  bath  and  a  sufficient  amount  of  oluaiina  placed 
therein.  The  alumina  is  dissolved  by  the  bath,  and  by  the  action 
of  the  electric  current  aluminium  is  reduced  at  the  negative 
electrode,  D,  and,  being  melted,  sinks  down  to  the  bottom  of  the 
crucible." 

There  is  a  notable  departure  in  this  case  from  the  practice 
described  in  the  previous  specification,  inasmuch  as  anj/  material 
cojUaining    carbon    ia 
4-  here  expressly  exeltided 

from  use  in  preparing 
the  anodes,  and  copper 
or  platinum  is  recom- 
mended as  &  substitute. 
As  in  the  last  patent, 
the  inventor  holds  it 
possible  to  use  the  car- 
bon lining,  A,  of  the 
crucible  (Figs.  72  to 
-  74)  as  cathode.  In 
addition  to  iron  or 
steel,  copper  is  men- 
tioned as  a  material 
suitable  for  the  cruci- 
ble. An  electromotive 
force  of  3  to  4  volts 
still  suffices  for  the 
current. 
Fig.  81.— Tho  Hall  furnace,  American  Hall's  American 

Patent,  No.  400,665.  Patent,  Ho.  400,665.— 

In  thiB  specification 
the  use  of  the  previously  patented  solvents  or  electrolytes  is  dis- 
claimed as  being  unsuitable.  A  new  recipe  is  given  instead,  and 
it  is  accompanied  by  the  description  of  a  new  apparatus.  The 
previously  patented  bath,  formed  of  the  double  fluoride  of 
aluminium  and  an  alkaline  metal,  "  becomes  less  efficient  after 
being  subjected  to  electrolytic  action  for  some  time.  This  change 
does  not  result  from  any  removal  of  aluminium  fluoride  or  of 
fluorine  from  the  bath,  as  no  fluorine  is  separated ;  but  a  black  or 
dark  substance  is  formed  in  the  bath,  apparently  from  the 
alkaline  constituent  of  the  same  (!),  which  interferes  with  a  free 
electrolytic  action,  and  increases  the  electrical  resistance;  hence, 


ALUMINIUM.  147 

it  has  been  found  necessary,  when  employing  the  salts  named,  to 
change  the  bath  after  a  continuous  use  of  the  sama" 

This  difficulty  is  circumvented  in  the  following  way: — "A 
double  fluoride  of  aluminium  and  calcium  is  used,  having  a  com- 
position represented  by  the  formula  OaALFg.  This  composition 
is  formed  by  169  parts  of  aluminium  fluoride  to  78  parts  of 
calcium  fluoride  or  fluor  spar,  the  aluminium  fluoride  being 
artificially  prepared  by  saturating  hydrated  alumina  with  hydro- 
fluoric acid.  The  fluorides  of  calcium  and  aluminium  unite  in 
forming  a  double  fluoride  more  fusible  than  the  fluoride  of  calcium 
and,  as  I  believe,  more  fusible  than  either  constituent  alone. 
While  I  prefer  to  use  the  double  fluoride  of  calcium  represented 
by  the  formula  OaAljFg  in  carrying  out  my  process,  there  are  a 
large  number  of  similar  double  fluorides  of  the  same  metals 
which  may  be  used,  and  which  closely  resemble  the  one  named, 
and  answer  almost,  if  not  quite,  as  well  as  a  bath  for  dissolving 
the  alumina.  Thus  the  double  salt  of  the  formula  Oaj  Al2F^2  ^^ 
been  successfully  employed.  .  .  .  The  fluorides  above  men- 
tioned are  placed  in  the  carbon-lined  crucible  or  vessel,  1, 
arranged  in  the  furnace,  2,  and  subjected  to  sufficient  heat  to  fuse 
the  material.  Electrodes,  3  and  4,  formtd  of  carbon^  when  pure 
aluminium  is  to  be  deposited,  are  connected  to  a  suitable  electric 
generator,  as  a  dynamo-electric  machine.  If  an  alloy  is  desired, 
the  negative  electrode,  4,  is  formed  of  the  metal  with  which  it  is 
desired  to  alloy  the  aluminium.  Alumina  in  the  form  of 
bauxite  (!),  anhydrous  oxide  of  aluminium,  or  any  other  suitable 
form  of  alumina,  preferably  the  pure  anhydrous  oxide  AljOg 
artificially  prepared  "...  (The  decomposition  of  the  oxide 
is  deiscribed  as  in  other  specifications.)  ..."  The  solution 
of  alumina  in  the  fused  bath  of  the  double  fluoride  of  aluminium 
and  calcium  is  apparently  heavier  than  the  metal  aluminium,  and 
hence  this  metal,  if  unalloyed,  rises  after  being  reduced  and  floats 
to  the  surface  of  the  bath,  where  it  is  liable  to  loss  by  oxidation 
in  contact  with  the  air  or  with  the  positive  electrode,  where  it  is 
subjected  to  a  strong  oxidising  action;  hence  when  reducing 
aluminium  the  crucible,  1,  is  provided  with  a  cover,  5,  provided 
with  openings  for  insertion  of  the  electric  conductors  and  the 
escape  of  gas  from  the  crucible,  and  with  a  partition,  6,  of  carbon 
extending  down  into  the  bath  and  from  side  to  side  of  the 
crucible,  and  separating  the  two  electrodes." 

Neglecting  the  electrolyte  for  a  moment,  it  will  be  seen  that 
this  devious  path  has  after  all  only  led  back  to  Bunsen's  original 
apparatus. 

Then,  again, ''  As  the  operation  continues,  the  cover  is  removed 
from  time  to  time  and  the  aluminium  removed  from  the  surface 
of  the  bath.  .  .  .  The  specific  gravity  of  the  bath  may  be 
lowered  by  the  addition  to  it  of  other  salts  lighter  than  the 
double  fluoride  of  calcium  and  aluminium,  so  that  the  pure 
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aluminiam  will  sink  in  tbe  combinatiou.  .  .  .  Thns,  by  the 
addition  to  the  bath  above  described  of  about  two-thirds  its 
weight  of  the  double  fluoride  of  potassium  aud  alumiuium 
(KjAljFg),  which  is  comparatiTely  a  very  light  salt,  is  formed  a 
oombinatioa  lighter  than  aluminium."  Finally,  in  place  of  the 
calcium  aluminium  fluoride,  the  double  fluoride  of  the  other 
alkaline  earth  metals  may  be  used.  These  salts  of  the  alkaline 
earth  metals  are  preferable  to  the  alkaline  double  fluorides, 
because  the  operation  of  the  current  is  in  no  way  a£Fected  by 
their  saturation  with  alumina. 

Hall's  American  Patent,  No.  400,666.— Here,  again,  a  new  bath 
is  employed.     It  is  true  that  good  results  had  been  obtained 
with     the     electrolytes 
_      -f.  previously   named,    but 

the  blnck  precipitate 
(see  preceding  specifica- 
tion) is  undesirable. 
Hence  "an  electrolyte 
or  bath  is  formed  of  the 
fluorides  of  calcium, 
sodium,  and  aluminium, 
the  fluorides  of  calcium 
and  sodium  being  ob- 
tained in  the  form  of 
fluor  spar  and  cryolite 
respectively,  and  the 
fluoride  of  aluminium 
being  obtained  by  satur- 
ating hydrated  alumina 
(Alj{OHU  with  hydro- 
fluoric acid.  The  com- 
pound resulting  from 
the     mixture     of     the 

fluorides,  which  is  re- 
presented approximately  by  the  formula  NajAljFg  +  CaAlgF. 
is  placed  in  a  suitable  vessel,  1,  preferably  formed  of  metiu 
and  lined  with  pure  carbon,  for  the  purpose  of  preventing  the 
admixture  of  any  foreign  material  with  the  bath  or  with  the 
aluminium  when  reduced.  The  vessel,  1,  is  placed  in  ajumace,  2, 
and  subjected  to  sufficient  heat  to  fuse  the  materials  placed  therein. 
Two  electrodes,  3  and  4,  of  any  suitable  material,  preferably 
carbon,  when  pure  aluminium  is  desired  .  .  .  are  placed  in 
the  fused  bath,  or,  if  desired,  the  carbon-lined  vessel  may  be 
employed  as  the  negative  electrode,  as  represented  in  dotted 
The    reduced   aluminium   sinks   down    to   the 


bottom  of  the  vessel,  the  bath  being  of  a  less  specific  gravity 
than  the  aluminium." 
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In  other  details  this  speciScation  varies  but  little  from  those 
previouBl^  quoted,  excepting  that  from  3  to  4  per  cent,  of 
calcium  chloride  is  to  be  added  to  the  bath.  Th«  electromotive 
force  is  now  estimated  at  6  volts. 

Hall's  AmericEm  Patent,  Ho.  409,eS7.— This  final  patent 
protects  the  following  proposal : — A  suitable  bath  consists  of 
"  fluoride  of  calcium,  234  parts ;  cryolite,  the  double  fluoride 
(NagA.ljFig),  421  parts;  the  fluoride  of  aluminium,  845  parts, 
by  weight,  and  about  3  to  i  per  cent,  (more  or  less)  of  a  suitable 
chloride — e.g.,  calcium  chloride.  Alumina  is  then  added  to  this 
bath,  preferably  in  sufficient  quantities  to  form  a  saturated 
solution.  .  .  .  Electrodes  .  .  .  are  then  inserted  in 
the  bath,  the  negative  electrode  being  formed  of  carbon  when 
pure  aluminium  is  desired.  The  positive  electrode  may  be 
formed  of  carbon  or  other  suitable  (!)  material." 

There  are  here,  then,  repeated  the  possibilities  and  impossi- 
bilities which  have  been  described  and  patented  previously,  bo 
that  there  is  nothing 
new  to  be  extracted 
from  these  specifica- 
tions unless  it  be  the 
somewhat  altered  com- 
position of  the  bath 
and  of  the  electro- 
motive force  required, 
which  varies  from  4 
to  8  volts.  These  were 
the  patents  to  which 
the  criticisms  in  the 
previous  edition  of  this 
book  were  applied, 
criticisms  to  which  the 
author  still  adheres. 
A  later  patent  (1893) 
granted  to  J.  B.  Hall 
will  be  referred  to  sub- 
sequently. 

[Practical  Installa- 
tion of  the  Hall  Pro- 
cess. —  The  Pittsbui^ 
Red  notion  Oo.  have  put 
down  a  very  large  in- 
stallation of  the  Hall  Fig-  82*.— The  Pittabnrg  Co.'b  H*U  fnnwM- 
plant  at  their  Niagara 

works,  where  it  is  now  in  full  operation.     The  following  descrip- 
tion, based  on  a  paper  read  by  Hunt*  before  the  Institution  of 
Civil  Engineers,  seems  to  in<£cate,  however,  that  the  details  of 
*  Joitrn.  Intl.  Civ.  Eng. ,  1896,  vol.  cxxiv.,  p.  206. 
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the  process  have  been  to  some  extent  modified  since  the  publica- 
tion of  the  specifications  quoted  above. 

The  electrolytic  tanks  (of  which  one  is  shown  in  Fig.  82a) 
consist  of  iron  troughs  lined  with  carbon,  and  are  connected  up 
in  series.  A  stout  copper  bar  is  riveted  to  the  outside  of  each 
trough,  and  serves  to  make  electrical  connection  either  with  the 
anodes  of  the  adjoining  trough  or  with  the  negative  conductor  of 
the  generator,  according  as  the  trough  occupies  an  intermediate 
or  (the  negative)  end  position  in  the  series.  The  tank  itself, 
therefore,  with  any  aluminium  that  it  may  contain,  acts  as  the 
cathode.  The  anodes  are  carbon  rods  suspended  from  a  copper 
bar,  which  is  placed  above  the  vat,  and  are  partly  immersed  in 
the  fused  electrolyte ;  as  these  carbons  are  gradually  consumed 
by  the  oxygen  liberated  in  contact  with  them,  they  must  be 
lowered  from  time  to  time  into  the  bath.  It  is  found  in  this 
installation  that  the  weight  of  carbon  thus  burned  is  approxi- 
mately equal  to  that  of  aluminium  reduced.  The  carbon  linings 
are  not  appreciably  afiected,  and  should  (with  the  iron  con- 
taining-pots)  last  for  several  months  in  continuous  use. 

The  process  depends  on  the  electrolytic  decomposition  of 
alumina  dissolved  in  the  fused  bath.  The  following  rules  for 
guidance  in  the  selection  of  a  solvent  have  been  laid  down  by 
Hunt,  and  although  they  will  for  the  most  part  be  self-evident 
to  those  who  have  carefully  read  the  present  chapter,  they  may 
be  quoted  here : — 

1.  The  solvent,  with  its  charge  of  dissolved  ore,  must  be  fluid 
at  a  comparatively  low  temperature,  in  order  to  obtain  the 
proper  conductivity  and  to  allow  the  reduced  aluminium  to  sink 
in  the  bath. 

2.  The  solvent  must  be  able  to  dissolve,  and  to  retain  in  solution, 
at  least  20  per  cent,  of  alumina  at  the  working  temperature. 

3.  The  (thermo-chemical)  heat  of  formation  of  the  solvent 
must  be  such  that  the  latter  will  not  be  more  readily  decom- 
posed than  the  dissolved  ore.* 

4.  The  specific  gravity  of  the  solvent,  when  molten,  must  be 
less  than  that  of  fused  aluminium,  in  order  to  prevent  short- 
circuiting  by  metal  floating  to  the  top  and  forming  a  bridge 
between  the  electrodes,  and  to  avoid  the  re-oxidation  of  alu- 
minium at  the  surface. 

5.  There  must  be  no  solid  (insoluble  and  infusible)  bye-product 
to  clog  the  pot  and  to  prevent  (electrical)  continuity. 

6.  The  molten  solvent  with  its  dissolved  ore  must  be  a  good 
conductor  of  electricity. 

7.  The  solvent  must  have  no  corroding  action  on  nascent 
aluminium  (i,e.,  on  the  metal  at  the  moment  of  deposition). 

*The  electrical  pressure  theoretically  required  for  the  dissociation  of 
aloinina  is  2 '8  volts,  whilst  that  for  the  fluorides  of  sodium,  calcium,  or 
aluminium  is  4  volts  or  more. 
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The  composition  of  the  bath  may  evidently  be  varied  very 
considerably  without  sacrificing  any  of  these  conditions;  but 
the  mixture  most  commonly  employed  is  said  to  consist  of 
677  parts  of  aluminium  fluoride,  251  of  sodium  fluoride,  and 
234  of  calcium  fluoride.  In  starting  the  process,  the  ingredients 
are  either  fused  in  separate  vessels  and  transferred  to  the 
electrolyte  tanks  in  the  molten  condition,  or  they  are  melted 
in  the  tanks  themselves  with  the  aid  of  the  current.  When 
the  bath  is  thus  prepared,  pure  alumina  is  added,  and  the 
supply  should  be  constantly  renewed  as  the  metal  is  deposited, 
so  that  the  electrolyte  may  always  contain  about  20  per  cent, 
of  the  dissolved  oxide.  The  temperature  of  the  bath  is  kept 
below  982*  C.  The  operation  is  continuous,  and  the  aluminium 
is  withdrawn  from  the  bottom  of  the  bath  from  time  to  time, 
as  it  accumulates,  either  by  a  siphon,  or  by  means  of  a  ladle,  in 
which  case  care  must  be  taken  to  withdraw  as  little  as  possible 
of  the  molten  salts  with  the  metal.  It  is  necessary  that  both 
the  alumina  and  the  anode  carbons  should  be  as  pure  as  possible, 
because  all  the  foreign  substances  present  in  them  will  pass 
into  the  bath ;  and  then,  since  aluminium  is  very  electro-positive 
in  character,  they  will  for  the  most  part  enter  into  the  reduced 
metal.  The  same  care  need  not  be  taken  in  the  preparation  of 
the  electrolyte,  and  the  various  salts  used  may  be  such  as  are 
commonly  sold  in  commerce.  The  reason  of  this  is  that  the 
impurities  (such  as  silicon,  lead,  zinc,  and  copper)  present  in 
them  are  more  electro-negative  than  aluminium,  and  are  com- 
pletely eliminated  by  deposition  within  the  first  two  days  of 
use.  With  care,  the  solvent  should  only  require  renewal  at 
long  intervals,  so  that  after  the  first  two  days  the  only  im- 
purities that  can  be  present  in  the  aluminium  are  those  derived 
from  the  carbon  anode  and  lining,  and  from  the  added  alumina. 

No  satisfactory  information  is  given  as  to  the  cost  of  working, 
nor  as  to  the  actual  current  employed.  It  is  simply  stated  that, 
theoretically,  0*7476  lb.  of  aluminium  is  the  equivalent  of  1000 
ampere  hours,  and  that  the  amount  of  energy  required  to  reduce 
1  lb.  of  the  metal  from  alumina  is  about  5  H.P.  hours.  This, 
of  course,  is  on  the  assumption  that  746  ampere  hours  yields 
0*554  lb.  of  aluminium  (see  last  column  of  table  on  p.  9),  and 
that  the  electrical  pressure  required  for  dissociation  is  2*8  volts ; 
so  that  a  current  of  746  amperes  x  2*8  volts  (i.e.,  of  746  x  2*8 
watts,  or  of  28  E.H.P.)  should  yield  0-554  lb.  Al  per  hour. 
In  practice,  the  author  says,  this  is  "  very  nearly  approached." 
It  must,  however,  be  remembered  that  the  heating  of  the  bath 
ia  eflected  by  means  of  the  electric  current,  which  has  thus  to 
supply  sufficient,  energy  to  raise  the  added  alumina  to  the 
temperature  of  the  bath,  as  well  as  to  make  good  the  loss  of 
heat  from  the  whole  apparatus  by  conduction  and  radiation; 
and  that  there  is  resistance  to  be  overcome  in  the  circuit,  which 
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also  adds  to  the  consumption  of  power.  Even  by  allowing  the 
utmost  elasticity  to  the  expression  quoted  in  inverted  commas, 
it  would  seem  that  considerable  advance  must  have  been  made 
since  Addenbrooke  gave  the  yield  obtained  by  the  Hall  process 
as  1  lb.  Al  per  22  E.H.P.,  and  since  Richards  stated  it  to  be 
1  lb.  per  16  E.H.P. 

The  only  estimate  of  cost  given  is  that  attributable  to  Roberts- 
Austen,  in  which  he  stated  the  production  of  1  lb.  of  aluminium 
to  require  as  follows : — 


For  Energy, 


,,   Alumina, 

„  Labour  and  superintendence, 

„  Interest,  repairs,  and  mainteoance, 

„  Chemical  stores,     .... 

,,  Carbon  electrodes. 


Md. 
6-Od. 
r5d. 
20d. 
lOd. 
20d. 

13 -6d. 


Owing  to  recent  improvements,  however,  some  reduction  must 
be  made  in  these  figures,  as,  for  example,  in  the  second  item,  the 
yield  of  aluminium  from  alumina  is  nearly  quantitatively  correct, 
and  therefore  1  lb.  of  deposited  aluminium  should  demand  the 
use  of  about  2  lbs.  of  added  pure  alumina,  the  market  price  of 
which  in  Germany  is  now  less  than  2d.  per  lb. 

The  magnitude  of  the  industry,  and  the  vast  strides  made  by 
the  British  Company,  which  is  at  present  the  largest  producer 
of  aluminium  in  the  world,  may  be  gleaned  from  information 
published  in  January,  1897,*  to  the  effect  that  the  Pittsburg  Go. 
are  now  using  1450  effective  H.P.,  and  the  British  Aluminium 
Co.  are  employing  2500  H.P.  at  their  Falls  of  Foyers  Works 
in  Scotland. — Translator.] 

The  Minet-Bemard  Process. — Now,  as  to  the  Minet  patent, 
which  was  subjected  to  similar  criticism.  To  prevent  misunder- 
standings, which  might  arise  from  an  incorrect  comprehension 
of  newspaper  accounts,  it  may  be  stated  that  Minet's  and 
Bernard's  processes  are  identical.  Minet's  process  was  first  put 
into  operation  at  the  factory  of  the  Brothers  Bernard,  and  the 
patents  are  taken  out  in  the  names  of  these  gentlemen. 

The  first  application  for  a  patent  t  was  made  in  England  in 
July,  1887,  when  provisional  protection  was  sought;  the  com- 
plete specification  with  drawings  was  presented  in  that  month, 
and  was  accepted  on  February  17,  1888.  The  latter  runs 
thus  : — '^  Among  the  salts  of  aluminium,  some  are  very  slightly 
fusible,  while  others  are  volatile,  and  in  order  that  an  electrolytic 
action  may  be  produced  it  is  essential  that  the  salt  to  be 
electrolysed  should  be  in  a  particular  state  of  liquefaction,  which 
is  very  difficult  to  be  obtained  with  aluminium  salts.     Thus  the 

*  Irulusiries  and  Iron,  1897,  vol.  xxii. ,  p.  21. 
t  English  Patent  10,057,  July  18,  1887. 
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chloride  of  aluminium  is  too  volatile,  while  the   fluoride  of 
aluminium  is  not  fusible  enough. 

'^  It  has  already  been  proposed,  as  regards  the  first,  to  combine 
it  with  the  salt  of  another  metal,  and  to  thus  form  a  double 
salt  which  imparts  to  it  a  little  more  flxitj,  and  allows  it  to  be 
subjected  at  a  relatively  low  temperature  to  the  action  of  the 
current  in  order  to  extract  the  aluminium  therefrom.  But  the 
double  salt  thus  formed — that  is  to  say,  the  double  chloride  of 
aluminium  and  of  sodium — is  an  exceedingly  unstable  body 
which  is  handled  with  difficulty,  and  it  gives  rise  to  extremely 
noxious  vapours,  hence  it  cannot  be  used  commercially  for  the 
extraction  of  aluminium  therefrom  by  electrolysis;  in  all  cases 
great  losses  are  occasioned. 

'*  It  has  been  sought  to  render  it  still  more  fluid  by  mixing  it 
with  small  quantities  of  chloride  of  sodium,  and  even  of  cryolite 
(double  fluoride  of  aluminium  and  of  sodium) ;  this  latter  body 
being  then  adopted  solely  as  a  flux.  Now,  experiment  shows 
that  if  the  current  be  passed  through  a  bath  composed  of  double 
chloride  of  aluminium  and  of  sodium,  chloride  of  sodium,  double 
fluoride  of  aluminium  and  of  sodium  (cryolite),  the  double  chloride 
is  volatilised  to  a  great  extent,  and  the  fluoride  of  aluminium, 
which  is  more  fixed  than  the  former,  is  decomposed  by  the 
current  (1). 

''A  bath  has,  therefore,  been  formed,  in  which  the  fluoride  of 
aluminium  is  contained  in  larger  proportions,  either  in  the  form 
of  a  single  salt  or  in  the  form  of  a  double  salt,  the  fluoride  not 
being  employed^  according  to  their  invention,  as  a  flitXy  but  being 
used  as  the  principal  electrolyte,  which  will  be  subjected  to  the 
action  of  the  current.  Experiment  shows,  moreover,  that  the 
yield  in  aluminium  increases  with  the  proportion  of  fluoride  of 
aluminium  contained  in  the  bath.  It  reaches  its  maximum 
when  the  fluoride  of  aluminium  is  found  in  a  melted  state 
without  being  mixed  with  any  other  salt.  Very  good  results 
are  obtained  with  the  following  proportions: — Fluoride  of 
aluminium  =  40,  chloride  of  sodium  =  60  parts.  A  double 
salt  of  sodium  and  of  aluminium,  such  as  natural  or  artificial 
cryolite,  may  even  be  used,  not  as  a  flux,  but  as  an  electrolyte 
in  the  following  proportions : — Cryolite  =  20  to  50,  chloride  of 
sodium  =  80  to  50  parts.  It  mttst  be  understood  that  there  can 
be  employed  as  electrolytes  in  (he  bath  mixtures  or  compounds 
of  fluorides  of  sodium  and  of  aluminium  in  difierent  proportions 
to  those  in  which  they  are  found  in  cryolite  ;  for  instance, 
fluoride  of  aluminium  =  35,  fluoride  of  sodium  =  10,  chloride  of 
sodium  (or  other  flux)  =  55  parts. 

"  Electrodes. — Their  nature  may  vary  according  to  the  state 
in  which  the  aluminium  metal  is  to  be  deposited,  the  following 
list  comprises  the  most  general  cases.  For  ))ure  aluminium, 
either  carbon  anodes  and  cathodes,  or  carbon  anodes  and  copper 
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or  iroa  (cast  iron)  cathodea ;  for  alnmininm  bronze,  red-copper 
or  carbon  anodes  and  copper  or  carbon  cathodes;  for  ferro- 
aluminium,  iron  or  carbon  anodes  and  cathodes.  In  short, 
metal  or  graphite  may  be  employed  without  distinction  as 
electrodes. 

"  The  crucible  may  be  of  refractory  earth,  of  plunib^o,  or  of 
metal  (iroo,  cast-iron,  red-copper,  platJnnm,  and  the  like),  and 
in  cases  where  an  alloy  is  required  the  crucible  itself  may  serve 
as  the  cathode,  or  as  the  anode. 

"  Besides  platinum,  which  is  unalterable  but  costly,  the  other 
metals  are  attacked  by  the  bath  (mixture  of  chloride  of  sodium 
and  fluoride  of  sodium),  and  have  still  a  further  defect,  that  ia 
to  say,  that,  when  they  are  avijeettd  to  the  dinct  action  of  ihefiamt. 


or  to    too  high  a  temperature,  they  allow  the  bath   to  (filter 
through,  hence  a  considerable  toss  results. 

"  With  the  arangements  hereinafter  described,  with  reference 
to  the  accompanying  drawings,  such  defects  are  obviated.  Figs. 
83  and  84  show  a  general  view  of  the  tanks  arranged  in  such  a 
manner  that  the  bath  cannot  filter  through.  It  is  sufficient 
for  this  purpose  to  provide  the  metallic  t«nk,  a  b,  outwardly 
with  a  thin  brick  wall,*  The  bath  is  prevented  from  becoming 
dirty  in  consequence  of  the  metal  of  the  tank  being  attacked  by 
means  of  two  entirely  different  arrangements  according  as  it  ia 
desired  to  obtain  an  alloy  of  aluminium,  or  pure  aluminium 

"  First  arrangement,  Fig.  83.  For  the  formation  of  aluminium 
alloys.     The  tank  is  made  of  the  metal  which  forms  a  component 

'This  wall  is  stated  in  the  French  specification  aa  being  DBed,to  proltet 
tht  vtatl  from  the  coke  Jirt  employtd  to  bring  it  to  a  red  Ktai. 
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part  of  such  alloys.  A  A  are  the  carbon  anodes ;  a  b  ia  the 
metallic  tank  serving  as  a  cathode.  At  the  beginning  of  the 
operation,  and  as  fast  as  aluminium  is  produced  by  electrolysis, 
there  is  formed  on  the  inner  surface  of  the  tank  a  layer,  a,  of 
the  aluminium  alloy  to  be  obtained.  When  this  alloy  is  suffi- 
ciently rich  in  aluminium,  the  metal  formed  anew  electroly ticallj 
runs  to  the  bottom  of  the  tank.  As  shown  in  Fig.  83,  the 
bottom  of  the  said  tank  is  slightly  inclined,  and  is  provided  with 
a  tap-hole,  T,  which  allows  after  a  lapse  of  time,  determined  by 
means  of  experiments,  the  withdrawal  of  the  f^sed  aluminium 
containing  smaller  or  greater  portions  of  the  metal  forming  the 
tank,  which  is  not  a  defect,  as  the  object  to  be  attained  was  the 
formation  of  an  alloy. 

*'  Second  arrangement,  Fig.  84.  For  the  formation  of  pure 
aluminium.  Let  A  be  the  anode  or  anodes,  and  0  be  the  cathode 
or  cathodes.  The  cathode,  C,  is  arranged  in  a  small  crucible,  d^ 
placed  upon  a  plate,  e,  these  two  apparatus  being  formed  of  fused 
alumina,  or  fluoride  of  calcium,  or  of  carbon  blocks,  a  6  is  the 
metallic  tank  arranged  in  derivation  with  the  cathode.  The 
resistance,  r,  interposed  between  the  cathode  and  the  metal 
tank  is  sufficiently  great  so  that  the  derived  current  in  the  tank 
represents  only  a  small  portion  of  the  whole  current  (5  to  10 
per  cent.).  It  serves  to  form  upon  the  inner  surface  of  the  tank 
an  alloy  of  aluminium,  and  of  the  metal  forming  the  said  tank, 
which  alloy  protects  the  latter,  and  is  only  feebly  acted  upon  by 
the  bath.  The  metal  which  is  deposited  in  the  crucible,  d,  in 
this  arrangement  is  nearly  pure. 

"Having  now  particularly  described  and  ascertained  the 
nature  of  my  said  invention,  and  in  what  manner  the  same  is  to 
be  performed,  I  declare  that  what  I  claim  is  : 

*'  The  hereinbefore  described  process  for  the  extraction  upon  a 
large  scale  of  aluminium  by  electrolysis,  and  comprising  the 
extraction  of  pure  or  alloyed  aluminium,  the  characteristic 
features  of  said  process  being : 

''  1.  The  electrolysis  of  a  metal  bath  where  fluoride  of 
aluminium  (in  the  state  of  a  single  or  a  double  salt)  is  used, 
not  as  a  flux,  but  as  the  main  electrolyte,  being  subjected  to  the 
influence  of  the  current. 

"  2.  The  use  of  a  brick  covering  for  the  metallic  tank  so  as  to 
avoid  the  filtration  of  the  bath. 

"  3.  The  use  of  the  tank  as  a  cathode  for  the  production  of  an 
alloy  of  aluminium,  or  at  least  of  aluminium  destined  to  form 
an  alloy  with  the  metal  constituting  the  tank. 

"4.  The  use  of  a  derived  current  on  the  tank  when  it  is 
required  to  obtain  pure  aluminium. 

"  5.  The  use  of  fused  alumina  and  of  fluoride  of  calcium  (or 
carbon  blocks)  for  the  Ibrmation  of  plates,  and  of  the  crucible 
serving  for  the  production  of  pure  aluminium." 


The  above  specification  offers  no  saggeation  Thatever  that  the 
bath  is  to  he  heated  electrically,  although  this  formB  the  Terj 
foundation  apon  which  the  successful  extraction  of  aluminium  is 
baaed.  On  the  contrary,  it  is  much  more  clearly  explained  that 
the  crucible  ia  to  be  protected  extemaUy  by  maeonry  against  the 
action  ofjiaine.  The  old  error  of  using  carbon  cathodes  is  atill 
adhered  to.  The  feeding  of  the  bath  during  electrolysis  by  the 
use  of  aluminiuia  compounds,  such  as  alumina,  was  not  thought 
of  at  the  time  that  the  patent  was  taken  out.  The  cnticisms 
above  alluded  to  apply  therefore  with  full  weight,  not  only  to  the 
Hall,  but  to  the  Minet  patents  also.* 

It  must  be  specially  remarked  as  noteworthy  in  the  Hall 
patents  that  an  endeavour  is  made  to  find  a  solvent  for  aluminium 
that  shall  be  fusible  at 
a  low  temperature.  The 
fifth  claim  in  the  Bar- 
nard-Minet  patent  wonld 
have  been  of  some  weight 
had  not  the  drawing 
(Fig.  84)  shown  that  the 
inventor  had  no  idea  of 
the  only  right  use  for 
the  material  of  which  he 
proposed  toconstruct  his 
crucible.  A  crucible 
made  of  alumina  or  fluor 
spar  after  the  fashion  of 
d,  in  Fig.  84,  would  have 
become  dissolved  by  the 
melted  bath  in  a  very 
short  time. 

The    Heahaneen- 
Froges  Process. — In  the 
year    1890   a   very  care- 
Fig.  85. -Alnminiua.  reduction.    Apparatus     f""y  written,  illustrated 
nud  at  NeuhauKn.  description  of  an  appar- 

atus thfit  was  in  use  at 
the  aluminium  works  then  existing  (Neuhausen  and  Frogea) 
went  the  round  of  the  technical  journals.t  Fig.  85  shows 
the  arrangement  in  question ;  it  consisted  of  an  iron  crucible, 
lined  with  charcoal,  and  resting  on  an  insulating  stand,  through 

*  [It  hai  been  stated  by  Chdnevaa  in  the  Revue  de  Phi/siijue  et  ile  Chiniie 
(vol.  i.,  p.  55),  that,  in  applying  the  Minet  proceaa  at  St.  Michel,  Savoy,  30 
per  cent,  of  orfolite  mixed  with  7'>  per  cent,  of  sodium  chloride  1h  a«ed  m 
B  charge,  bauxite  and  alaminiam  fluoride  being  introduced  daring  electro- 
lyaia.  The  elactrical  prennre  required  is  7'5  volti  for  each  bath,  and  the 
ont-tnro  is  equivaleiit  to  0'8S  oz.  of  aluminium  per  borse-power  hour. — 

TaAHSLATOR.] 

t  Indutlrit*,  1890,  vol.  viu.,  p.  49a 
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the  bottom  of  which  was  passed  a  metallic  negative  pole. 
The  positive  pole,  made  usually  of  a  carbon  rod  built  up  of 
separate  plates  united  together,  was  suspended  in  the  crucible 
from  above.  A  solution  of  alumina  in  melted  cryolite  was  used 
as  electrolyte,  and  this  was  brought  up  to  the  necessary  fusion 
temperature  by  the  great  evolution  of  heat  in  the  bath  caused  by 
the  employment  of  a  very  high  current  density.  At  first  the 
metal  pole  inserted  in  the  bottom  of  the  crucible,  and  afterwards 
the  melted  aluminium  which  was  deposited  upon  it,  served  as 
cathode.  The  crucible  was  charged  originally  with  cryolite,  and 
later  with  alumina;  and  then  more  alumina  was  added  as  required 
to  take  the  place  of  that  which  had  been  decomposed  by  the 
current.  The  aluminium  collecting  at  the  bottom  of  the  crucible 
was  run  off  from  time  to  time,  whilst  the  oxygen  of  the  alumina 
united  with  the  carbon  of  the  anode  to  form  carbonic  oxide  and 
carbonic  acid. 

Borchers'  Alumimum  Extraction  Apparatus. — The  author  has 
vainly  endeavoured  to  produce  pure  aluminium  in  an  apparatus 
of  corresponding  construction  to  that  just  described.  He  is 
unwilling  to  condemn  an  apparatus,  or  process,  which  other 
metallurgists  have  held  to  work  satisfactorily,  merely  because  Ms 
won  experiments  with  it  have  given  negative  results;  yet  he 
has  been  unable  to  avoid  the  suspicion  that  the  anonymous 
writer  of  this  article  had  not  been  accurately  instructed  con- 
cerning all  the  details  of  the  plant,  for  he  (the  author)  had 
obtained  the  most  satisfactory  results  under  otherwise  similar 
circumstances  with  an  apparatus  which  he  had  constructed  for 
various  experimental  purposes.  This  apparatus  is  shown  in 
Fig.  86,  in  which  it  has  been  intentionally  presented  in  a  form 
externally  resembling,  as  far  as  possible,  that  of  the  apparatus 
figured  in  the  preceding  illustration.  In  all  probability  the 
internal  arrangements  of  the  two  are  also  practically  the  same. 

An  iron  crucible,  T,  with  a  fireclay  bottom,  B,  is  lined 
internally  (F)  with  alumina  or  other  difficultly  fusible  sduminium 
compound.  The  steel  plate,  K,  is  let  into  the  lining  of  the 
bottom,  and  into  it  is  screwed  the  copper  tube,  R,  which  may 
be  cooled  by  means  of  water  or  other  suitable  medium.  A 
narrow  side  tube,  E,  introduces  the  water  for  cooling,  whilst  the 
inner  tube,  X,  reaching  nearly  to  the  top  of  E,  serves  as  an 
escape  pipe.  The  tube,  B,  and,  through  it,  the  steel  plate,  K, 
which  acts  as  cathode  at  the  beginning  of  the  experiment,  are 
put  in  connection  with  the  main  conducting  cable,  N,  by  means 
of  the  clamp,  Y.  The  carbon  rod,  A,  forms  the  anode ;  it  is 
supported  by  an  iron  clamp,  attached  to  a  threaded-iron  rod,  which 
in  turn  is  screwed  into  the  iron  base  plate,  TJ ;  and  the  current 
is  conveyed  to  the  arrangement  through  the  copper  rod,  P, 
which  makes  a  ring-connection  with  the  iron  supporting  rod. 
The  metal  accumulating  at  the  bottom  of  the  crucible  during 
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the  operation  is  rua  off  at  intervals  tlirough  the  tap-hole,  S, 
into  the  mould,  G-,  'whilst  the  gases  evolved  at  the  anode  escape 
through  the  openings  in  the  cover,  D,  which  also  serve  for  the 
admisaion  of  the  charge  of  alumina.  The  crucible,  T,  is  insulated 
from  F  bv  a  fireclay  (chamotte)  plate,  I.  The  lining,  F,  in  spite 
of  itB  solubilitj  in  the  bath,  is  sufficiently  protected  by  the 
cooling  action  of  the  air  playing  around  the  walls  of  the  cracible. 


Fig.  86.— Borcbera'  alumiaiam  extracliou  appuattu. 

For  operations  of  long  duration,  and  with  a  high  current  density, 
further  protection  may  be  afforded  by  introducing  cooling 
arrangements  into  the  lining. 

An  apparatus  adapted  to  research  purposes  has  been  con- 
structed by  the  author,  to  be  operated  by  a  current  of  120  to  200 
amperes  and  requiring  an  electromotive  force  of  from  5  to  12 
volts,  according  to  the  current  density  required  and  to  the 
nature  of  the  electrolyte. 
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The  working  of  this  apparatus  is  very  simple.  The  tap-hole 
is  first  closed  with  a  clay  or  oxide  stopper,  and  a  little  aluminium 
(or  metal  to  be  alloyed  with  the  aluminium)  is  placed  on  the 
bottom  of  the  crucible.  The  anode  is  now  caused  to  approach 
the  cathode;  and  if  the  former  be  shaped  to  a  point,  it  will 
become  rapidly  and  highly  heated  as  soon  as  it  comes  in  contact 
with  the  metal  resting  upon  the  latter;  but  if  it  be  shaped 
according  to  the  illustration  (Fig.  86),  it  is  advisable  to  introduce 
a  thin  carbon  pencil  between  the  electrodes,  and  then,  as  before, 
the  necessary  melting  temperature  will  be  quickly  attained.  A 
small  quantity  of  the  mixture  to  be  smelted  (oxide  and  salts,  or 
sulphide  and  salts)  may  be  placed  in  the  crucible  initially  with 
the  aluminium,  if  desired  ;  the  remainder  of  the  mixture  (or  the 
whole,  as  the  case  may  be)  must  now  be  gradually  introduced 
through  the  opening  in  the  cover.  It  will  then^be  found  that 
as  soon  as  the  charge  has  melted,  and  the  electrodes  have 
become  separated  by  a  layer  of  fused  electrolyte,  the  contents  of 
the  crucible  will  remain  fluid,  and  electrolysis  will  commence. 
In  order  to  replace  the  electrolyte,  as  it  becomes  decomposed, 
alumina  is  similarly  added  throughout,  mixed  at  first  with  a 
considerable  proportion,  but  later  with  smaller  quantities,  of  the 
salt  that  is  employed  as  solvent.  The  separated  metal  may  be 
removed  through  the  tap-hole  after  the  lapse  of  sufficient  time, 
or  at  the  end  of  the  experiment. 

The  absorption  of  impurities  is  quite  prevented  by  a  sufficient 
cooling  of  the  cathode,  but  the  cooling  must  not  of  course  be 
pushed  to  excess.  The  crucible  itself  stands  freely  exposed  on 
all  sides,  so  that,  in  most  cases,  the  natural  cooling  of  the  sur- 
rounding air  will  suffice  to  maintain  intact  the  oxide  lining,  F, 
in  the  crucible,  T.  The  separated  metal,  therefore,  comes  in 
contact  at  the  sides  with  its  own  oxide  only,  and  at  the  bottom 
with  the  material  forming  the  cathode,  which  it  is  unable  to 
dissolve  so  long  as  the  water  supply  is  properly  maintained 
within  R. 

The  KHiani  Almninium  Eictraction  Apparatus. — The  following 
apparatus  was  constructed  and  used  (probably,  as  the  author 
thinks,  before  his  own)  by  Kiliani,*  who  was  formerly  manager 
of  the  Aluminium'IndvsPrie'AIUien'Geaelhchaft ;  but  the  patent 
specification  only  describes  the  mechanism  employed  in  imparting 
motion  to  the  anode,  making  no  reference  to  the  lining  of  the 
vessel  or  to  the  disposition  of  the  metal  pole  which  serves  as 
cathode.  The  details  of  the  drawing  suggest  that  the  crucible 
may  have  been  arranged  for  use  after  the  manner  of  that 
employed  by  the  author.  The  publication  of  any  account  of  the 
practical  installation  of  this  furnace  in  respect  of  lining,  cathodes, 
and  the  like,  is  not  to  be  looked  for,  because  manufiskcturers  can 

*  German  Patent  50,608,  April  21, 1889.  [EogUsh  Patent  6745,  April  20, 
1889.] 
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hardly  be  expected  to  give  to  the  world  the  secret  processes  and 
practicnl  detoils  which    they   have   adopted   as    the   result   of 
patient  and  laborious  experiment.     Hence  the  following  account 
la  derived  only  from  the  description  given  in  the  patent  specifi- 
cation.   The  columns,  a,  support  the  vesael,  b,  which  is  intended 
for  the  fusion  of  the  electrolyte  ;  the  cathode  enters  this  vessel 
below,  and  makes  connection  with   the  negative  pole  of  the 
generator  by  the  conductor,  c     The  cross  piece,  d,  carries  the 
arrangement  for  giving  support  and 
motion  to  the  positive  electrode,  e. 
Within  the  sleeve,  cf,  is  the  anode 
spindle,/,  which  in  vertical  section 
has  the  form  of  a  rack,  so  that  it 
may  engage  with  the  pinion,  g,  the 
latt«r  being  actuated  by  the  worm 
and  wheel,  h  h^,  in  connection  with 
the  handwheel,  Ifi.     The  teeth  and 
notches  in  the  spindle,  /,  take  the 
form  of  rings  and  grooves  respec- 
tively, which  are  cut  round  the 
whole  of  its  circumference,  so  that 
if  turned  upon  its  axis  it  may  in 
any  position  act  as  a  rack  and  thus 
be  still  in  gear  with  the  pinion,  g. 
A.  worm  wheel,  k,  is  so  keyed  on 
to  the  spindle,  /,  that  the  latter  is 
free  to  move  in  the  direction  of 
the  bore  of  the  wheel.     The  wheel, 
k,  gears  into  the  worm,  t,  which  is 
mounted  on  the  axis  of  a  driving 
pulley.    Electrical  connection  with 
the  anode  is  effected  by  means  of 
branches  in   the    boring    of   the 
spindle,  /.     When  this  mechanism 
is   in  action,   the  anode   will  be 
maintained  in    constant    rotation 
by    means   of    the    worm    wheel, 
while  vertical  motion  may  be  im- 
parted to  it  in  either  direction  by  the  band  wheel,  h^. 

The  Oraban  Patent. — Some  more  recent  patents  have  intro- 
duced into  the  field  both  new  solvents  for  alumina  and  new 
electrolytes.  Qrabau*  recommends  a  melted  mixture  of  alu- 
minium fluoride  or  oxy-fluoride  with  alkaline  carbonates,  and 
recovers  an  alkaline  fluoride  or  cryolite  as  a  bye-product,  ac- 
cording to  the  equations : — 

•QeriDui  Patent  62,S51,  1891.     [Engliah  Patent  10,090,  Jnae  J3,  1891.] 
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2AlaFe     +     eNajCO,     +     3C     =  4A1 

{Anode)  (-) 

4AlsFe     +     CNaaCOs     +     30     »  4AI 

{Anode)  (-) 

2A1,0P4  +     4NaaC0j     +     3C     =  4A1 

{Anode)  (-) 

3A1,0P4  +     3NajC0.     +     30     =  4A1 

{Anode)  (>) 


+     12NaF     +     900, 

(+) 
+     2(AlsFfl.6NaF)     + 


900, 
(+) 


+     8NaF     +     7C0a 

(+) 
+     AljFe.6NaF  +     600, 

(+) 


lb  must  be  remarked,  however,  that  on  merely  melting  to- 
gether a  mixture  of  aluminium  fluoride  and  alkaline  carbonates, 
an  active  disengagement  of  carbonic  acid  is  observable,  probably 
in  accordance  with  the  equation  : — 

Ay^e  +  3Na,C0,  =  A1,0,  +  6NaF  +  300, 

So  that  in  this  instance  it  is  a  solution  of  alumina  in  melted 
alkaline  fluoride  that  is  really  submitted  to  electrolysis. 

The  J.  B.  Hall  Process.— In  the  year  1893,  J.  £.  Hall  (not 
the  C.  M.  Hall  whose  patents  have  been  discussed  previously) 
took  out  a  patent  *  in  America  for  a  process  in  which  the  old 
mistake  of  using  a  carbon-alumina  anode  is  repeated.  The 
crucible  itself  is  to  be  used  as  cathode,  and  is  to  be  made  of  the 
same  material,  which,  on  account  of  its  want  of  durability,  must 
be  enclosed  within  an  iron  shell.  The  electrolyte  is  a  fused 
mixture  of  aluminium,  sodium,  and  lithium  chlorides,  in  which 
the  bath  is  replenished  at  the  expense  of  the  alumina  contained 
in  the  anode.  The  inventor  has  also  obtained  moderately  sattS" 
factory  results  (!)  by  omitting  the  alumina  in  the  anode  com- 
position, and  adding  it  direct  to  the  bath  instead.  His  "  new  " 
method  of  producing  alumina  is  also  worthy  of  note.  He  treats 
aluminous  material  with  sulphuric  acid,  and  heats  the  resulting 
hydrated  aluminium  sulphate,  thus  breaking  it  up  and  obtaining 
the  oxide. 

Electrolysis  of  Aluminium  Sulphides. — Careful  attention  should 
be  given  to  a  process,  which  is  protected  in  Germany  by  two 
patents  of  the  same  date,  and  which  has  for  its  object  the 
extraction  of  aluminium  from  a  solution  of  aluminium  sulphide 
in  fused  alkaline  chlorides.  The  patent  which  received  the 
earlier  number  was  granted  to  £ucherer,t  and  is  concerned 
mainly  with  the  production  of  the  sulphide,  while  the  other, 
taken  in  the  name  of  the  Aluminiurn- Industrie- Aktien  GeseU- 
9chafiy\  sets  forth  the  advantages  accruing  from  the  use  of  this 
electrolyte. 

Bucherer  claims  that  "  by  the  action  of  the  sulphides  or  poly- 
sulphides  of  the  alkali  and  alkaline  earth  metals,  with  the 
addition  of  sulphur  and  carbon  in  excess,  aluminium  oxide  or 
hydroxide,  when  heated,  forms  double  sulphides  of  aluminium 


♦U.S. A.  Patent  503,929,  Aug.  22,  1893. 
t  German  Patent  63,995,  Nov.  13,  1890. 
It  German  Patent  68,009,  Nov.  18,  1890. 
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and   alkali  or  alkaline    earth   metals."      The    reaction    being 
illustrated  by  the  following  equation : — 

SNajS  +   AI2O,  +  3C  +  3S  =  Na«AljSe  +  SCO 

In  a  later  account,*  he  describes  experiments  on  the  conversion 
of  the  aluminium  oxide  into  the  sulphide  without  the  agency  of 
other  sulphides.  A  mixture  of  alumina  and  carbon  was  heated 
to  a  white  heat  in  clay  retorts,  and  was  completely  converted 
into  sulphide  by  means  of  sulphur  vapour,  which  was  allowed 
to  operate  for  a  sufficiently  lung  period,  thus : — 

AljOj  +  3C  +  3S  =  SCO  +  AlaS, 

The  sulphide  so  obtained  could  then  be  dissolved  in  a  fused 
alkaline  chloride,  and  could  be  electrolysed  by  a  current  of  low 
electro- motive  force. 

The  Aluminium- Industrie -Aktien-GesellsclM/t  use  a  similar 
mixture  which  is  brought  to  a  state  of  fusion,  either  by  means 
of  the  electric  current,  in  which  case  an  E.M.F.  of  5  volts  is 
necessary ;  or  by  external  heating,  when  only  2^  to  3  volts  will 
be  required  for  the  electrolysing  current.  Cast  or  wrought-iron 
vessels  may  be  used,  and  they  should  be  lined  with  carbon. 
It  is  claimed  as  a  special  advantage  of  this  process  that  nftither 
this  lining  nor  tJie  carbon  anodes  has  any  prejudicial  effect  upon 
the  materials  which  are  here  brought  into  contact  with  them  ; 
and  that  on  this  account,  besides  effecting  a  considerable  saving 
of  carbon  in  the  various  parts  of  the  apparatus,  a  very  pure 
aluminium  is  obtained.  The  author  calls  attention  to  these 
remarks  as  confirming  his  oum  experience  (see  p.  157),  which  ha^ 
tended  to  s/wtv  that  pure  aluminium  could  not  be  obtained  by  using 
an  oxide  electrolyte  in  a  crucible  made  of,  or  lined  xoithy  carbon. 

The  behaviour  of  the  sulphide  electrolyte  is  so  remarkable, 
that  it  is  a  matter  for  regret  that  at  present  no  advantage  can  be 
taken  of  it,  because  up  to  the  present  time  no  sufficiently  cheap 
method  has  been  invented  for  the  production  of  aluminium 
sulphide.  It  must  not  be  forgotten,  on  the  one  hand,  that  the 
metal  may  be  obtained  directly  by  electrolysis,  and  on  the  other, 
that  the  sulphide  must  first  be  prepared  from  the  pure  oxide, 
whilst  as  Bucherer  himself  points  out,  there  is  scarcely  a  purely 
chemical  reaction  known  which  requires  so  great  an  absorption 
of  heat  as  that  above  described  (AI3O3  +  3C  +  3S  =  AlgSg  +  3C0). 
Finally,  the  author,  speaking  from  the  experience  of  many  years 
in  the  manufacture  of  alkali  and  alkaline  earth  metal  sulphides, 
points  out  that  the  production  in  gross  of  pure  aluminium 
sulphide,  or  of  the  double  sulphides  of  aluminium  and  the 
metals  above  named,  is  an  exceedingly  difficult  problem.  With 
the  means  at  present  available  on  a  working  scale,  the  possibility 
of  introducing  the  electrolysis  of  sulphides  for  the  manufacture 
of  aluminium  is  bound  up  with  the  solution  of  this  problem. 
*  ZeUschriJlfUr  angewandU  Chemie,  1892,  p.  483. 
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Industrial  Position  of  Aluminium  Beduotion  Processes. 
— After  the  foregoing  account  of  the  enormous  labour  bestowed 
upon  this  subject  by  chemists  and  technologists  in  all  countries, 
it  would  be  only  fitting  to  add  a  sketch  of  the  present  position  of 
the  industry  from  an  economical  standpoint;  and  for  this 
purpose  there  is  available  no  lack  of  published  experieuces, 
but  unfortunately  they  do  not  originate  from  the  only  sources 
capable  of  leading  to  a  true  judgment  in  this  matter,  namely — 
the  directors  of  the  larger  works.  Thus,  for  example,  a  few 
years  since,  the  actual  cost  of  producing  aluminium  at  the 
works,  was  calculated  by  an  arithmetician  at  2s.  9d.  per  lb. 
when  the  actual  market  price  of  the  metal  was  2s.  3d.  The 
author's  own  experiments  must,  he  considers,  be  deemed  of 
doubtful  utility  as  affording  a  basis  of  calculation,  because  they 
were  made  with  machines  of  5  H.P.,  or  under,  and  could  only 
be  continued  at  each  trial  for  so  long  a  period  as  he  was  able 
to  superintend  them  personally  without  being  overcome  with 
fatigue.  None  therefore  exceeded  36  to  40  hours,  even  if  all 
went  well  from  the  first.  In  order,  for  example,  to  fix  the  most 
important  factor  in  the  calculation,  the  difference  of  potential 
in  the  bath,  the  most  fatxnirable  results  would  lead  to  the  adop- 
tion of  9  to  10  volts  as  correct ;  and  this  with  a  current  density 
of  about  25,000  amperes  per  sq.  metre  of  cathode  surface  [1*61 
amperes  per  sq.  in.]  would  correspond  to  a  yield  of  at  most  1^ 
lb.  of  metal  per  24  electrical  horse-power  hours. "^  It  should  be 
remarked,  however,  that  this  calculation  is  based  on  the  most 
favourable  results,  and  not  upon  an  average ;  but,  on  the  other 
hand,  it  must  not  be  forgotten  that  in  a  larger  plant  there  is  a 
higher  thermal  efficiency,  and  that  this  number  is  probMy,  after 
all,  not  very  different  from  the  average  result  in  large  works. 

Summary  of  Conditions  to  be  Observed  in  the  Extraction 
of  A^T'^'^Tii-nm. — Keeping  in  mind  the  deductions  drawn  from 
the  experiments  of  Bunsen  and  Deville,  the  foundation  of  the 
modem  methods  of  smelting  aluminium  may  be  shortly 
summarised  as  follows : — 

1.  A  solution  of  alumina  in  melted  haloid  salts  (chlorides  and 
£uorides)  of  the  alkali  or  alkaline  earth  metals,  or  of  aluminium 
itself,  is  used  as  electrolyte. 

2.  The  proportion  of  aluminium  in  the  bath  is  kept  constant 
by  the  addition  of  alumina  during  the  operation. 

*  [This  is  equivalent  to  1  oz.  per  E.H.P.  per  hour.  On  the  authority  of 
G.  L.  Ad^enbrooke  {Journal  of  the  Society  of  Arts,  1892,  vol.  zl.,  p.  661), 
the  yield  by  the  Hall  process,  as  worked  in  America,  at  a  potential  of  8  to 
10  volts,  is  one  lb.  of  aluminium  per  22  E.H.P.  hours,  or  about  0*73  oz. 
per  E.H.P.  per  hour.  Dagger  gave  the  same  numbers  in  1892  (22  E.H.P. 
hours  per  lb.  Al)  as  "the  amount  common  to  the  electrical  methods  now  in 
operation"  {Jotim.  Soc  Chem,  Ind,,  1892,  vol.  zi.,p.  128).  The  H^roult 
patent  specification,  however,  quotes  1  oz.  per  E.H.P.  per  hour,  and  this 
IB  in  accord  with  the  number  given  by  Richards ;  but  see  p.  151  of  this 
1>ook.  —Tramslatob.  ] 
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3.  Carbon  blocks,  closely  united,  form  the  anode,  while  the 
cathode  consists  of  a  metal  tube  inserted  through  the  bottom  of 
the  melting  vessel,  and  capable  of  being  cooled  by  water  or 
otherwise. 

4.  The  melting  vessel  consists  of  a  shallow  iron  cylinder  open 
above  and  lined  within  with  pure  refractory  compounds  of 
aluminium. 

5.  The  heat  necessary  for  fusion  is  produced  by  the  current 
that  serves  for  electrolysis,  a  very  high  current  density  being 
employed,  amounting  to  some  25,000  amperes  per  sq.  metre 
[1'61  amperes  per  sq.  in.]  of  cathode  area. 

6.  The  walls  of  the  melting  vessel  must  be  kept  so  cool  that 
the  lining  does  not  become  dissolved  in  the  bath. 

7.  The  temperature  of  the  electrolyte  is  kept  as  low  as 
possible,  because,  apart  from  the  waste  of  heat  energy  occasioned 
by  the  use  of  high  temperatures,  it  is  probable  that  the  metal 
may,  to  some  extent,  redissolve  in  the  bath  in  the  condition  of 
sub-oxide,  this  being  fully  oxidised  again  at  the  anode,  and  so 
occasioning  a  waste  of  metal.  The  possibility  of  the  separation 
and  volatilisation  of  alkali  metals  at  high  temperatures  intro- 
duces another  source  of  loss  both  of  current  and  energy. 

Belative  Specific  Gravities  of  Metal  and  Electrolyte. — It 
may  appear  astonishing  that  the  aluminium  separated  by 
electrolysis  from  such  salts  as  cryolite,  or  from  solutions  of 
alumina  in  fused  cryolite,  should  collect  on  the  bottom  of  the 
melting  vessel,  seeing  that  the  usually  accepted  specific  gravities 
of  these  substances  would  lead  to  the  contrary  expectation. 
The  specific  gravity,  for  example,  of  aluminium  is  taken  as  2*7, 
and  that  of  cryolite  as  3.  J.  W.  Kichards  has,  however, 
experimentally  determined  the  densities  of  the  materials 
employed  both  in  the  molten  condition  and  after  cooling.  The 
results,  which  suffice  to  explain  the  apparent  anomaly,  are  given 
in  the  following  table  : — 

SPECIFIC  GRAVITIES  OF  ALUMINIUM  COMPOUNDS. 


Specific  Ontvities. 

Melted. 

Solid. 

Commercial  alumioiuiD,            .... 

Commercial  Greenland  crvolite, 

Cryolite  Baturated  with  alumina, 

Cryolite  with  aluminium  fluoride,  Al^Fe .  6NaF 

+  2Al»Fe  =  3(Al,Ffl  .  2NaF) 

Same  mixture  saturated  with  alumina,  .     .     . 

2-54 
2  08 
2  35 

:i-97 
214 

2-66 
2-92 
2-90 

2-96 
298 
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IJseB  of  Aluminiam. — Although  only  a  few  years  have 
elapsed  since  the  price  of  aluminium  has  fallen  to  its  present 
level  from  one  that  had  always  been  prohibitive,  the  metal  has 
already  found  a  wide-spread  application  for  household  and 
kitchen  utensils,  articles  of  military  equipment,  art- work, 
especially  in  place  of  silversmith's  work,  scientific  instruments, 
and  (in  the  largest  proportions  of  all)  for  the  refining  of  metals, 
although  the  quantity  added  in  each  operation  is  very  small. 
In  the  iron,  steel,  and  copper  foundry,  aluminium  is  used  to 
reduce  the  oxides  present  in  the  melted  metals,  so  that  a  dense 
casting  free  from  blow-holes  may  be  obtained,  while  at  the  same 
time  the  working  properties  of  the  purified  metal  will  have 
become  improved.  In  casting  iron  it  is  to  be  noted  that  the 
addition  of  more  aluminium  than  is  necessary  to  reduce  the 
oxide  present  in  the  charge  tends  to  produce  a  separation  of 
carbon  in  the  form  of  graphite. 

The  metal  has,  however,  found  but  limited  application  in 
engineering,  on  account  of  its  low  tenacity,  which  is  not  greatly 
increased  by  the  addition  of  small  quantities  of  other  metals, 
such  as  copper.  It  would  otherwise  be  especially  adapted  to 
the  requirements  of  marine  and  aerial  engineering.  It  is 
already  sometimes  used  for  the  construction  of  the  framework, 
slide-valve,  valve  and  pump  chambers  of  marine  engines,  and 
other  metallic  mountings  used  on  board  ship;  and  recently 
experiments  have  been  made  in  the  construction  of  launches 
and  boats  from  aluminium  plate  [commonly  alloyed  with  a 
small  percentage  of  some  other  metal,  such  as  nickel  or  copper. 
— Translator]. 
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THE  CERITE  METALS. 

CEBIUM,   LANTHANUM,    DIDYMIUM. 

Properties  of  the  Cerite  Metals. — The  metals  of  this  group 
have  been,  up  to  the  present,  little  used  in  the  arts,  at  least  in 
the  metallic  form  ;  but  owing  to  the  wide-spread  employment  of 
their  oxides  for  lighting  purposes  in  the  incandescent  gas-lamp, 
attention  has  naturally  been  drawn  to  the  properties  of  the 
metals  themselves.  The  discovery  of  new  cerite  deposits,  or  the 
publication  of  the  fact  that  cerite  is  not  so  scarce  in  Sweden  as 
is  commonly  supposed,  might  lead  to  some  unexpected  application 
of  the  metals  contained  in  this  mineral. 
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Cerium  (atomic  weight  =140;  specific  gravity  =  6*7)  is  a 
soft   malleable    metal,    in    colour    resembling   iron,    fusing   at' 
about  800^  C.     Most  noteworthy  is  its  power  of  combining  with 
the  heavier  metals,  such  as  copper  or  iron,  to  produce  dense  alloys. 
In  solid  pieces  it  offers  considerable  resistance  to  atmospheric 
influences;  but,  on  heating  the  fragments,  they  exhibit  the  various' 
temper-colours  of  polished  steel.     Finely  powdered  cerium,  on 
the  contrary,  oxidises  very  rapidly  in  the  air,  and,  on  filing  the 
metal  or  shaving  it  with  a  knife,  the  detached  filings  or  scrapings 
take  fire  and  burn  with  a  brilliant  light.     Fine  wire  made  from 
the   metal   bums   with   a  brilliancy   exceeding   even    that    of 
magnesium.     Cerium  in  the  form  of  powder  causes  only  a  slow 
decomposition  of  water  when  introduced  into  it,  but  the  presence 
of  salts,  dissolved  in  the  liquid,  induces  a  very  lively  attack. 
This  property  should  be  noted  in  connection  with  the  production* 
of  cerium,  and  with  the  possibility,  which  may  easily  arise,  of 
obtaining  the  metal  in  pulverulent  form,  owing  to  the  use  of  an 
electrolyte  at  too  low  a  temperature.     It  dissolves  very  easily  in* 
diluted  acids,  but  only  to  a  slight  extent  in  cdld  concentrated 
sulphuric  or  nitric  acids.     Cerium  reduces  the  oxides  of  most* 
metals  and  metalloids,  which  is  a  ])roperty  worthy  of  remark  in 
regard  to  its  applications  to  metal  refining  and  the  making  of 
alloys. 

Lanthanum  (atomic  weight  =  138-5;  specific  gravity  =  6*1) 
possesses  a  colour  resembling  that  of  cerium,  but  it  is  less  soft 
and  malleable  than  the  latter.  It  shows  a  tendency  during  its 
preparation  to  separate  in  the  form  of  thin  leaves.  Its  fusing 
point  is  higher  than  that  of  cerium.  The  chemical  relations  of 
the  two  metals  are  very  similar. 

Didymium  (atomic  weight  =  142 ;  specific  gravity  =  6*5)  is  a 
clear  grey  metal,  harder,  less  malleable,  and  less  easily  fusible 
than  cerium,  but  resembling  it  in  its  chemical  properties. 

Preparation  of  the  Cerite  Metals. — Tits  tuethods  of  pro- 
ducing  these  three  metals  show  but  few  differences.  The  statement 
of  the  chemical  text-books  that  tJie  oxides  of  the  cerite  metals  are 
Tiot  reducible  by  *  means  of  carbon  is  incorrect.  It  has  been 
shown  (pp.  88,  111,  kc)  that  all  oxides  are  capable  of  being 
reduced  by  electrically-heated  carbon ;  but  since  a  large  excess 
of  carbon  must  be  employed,  combination  of  the  reduced  metal 
with  that  element  is  unavoidable.  In  consequence  of  this,  the 
production  of  the  cerite  metals  by  such  a  process  does  not  appear 
to  be  promising,  for  the  product  is  exceedingly  brittle,  easily 
crumbled,  and  porous,  and  is  therefore  readily  oxidised.  Th6 
separation  of  the  metal  by  Wbhler's  method  (treating  the  haloid 
salts  with  metallic  sodium)  would  probably  give  better  results, 
especially  if  a  system  analogous  to  that  adopted  by  Grabau  for 
aluminium  extraction  (p.  103)  were  employed. 

Electrolytic  Deposition  of  the  Cerite  Metals.— Electro^ 


CERIUM,    LANTHANUM,   DIDYMIUM.  167 

lysis,  however,  seems  to  offer  the  best  solution  of  the  problem, 
as  in  the  case  of  aluminium.  The  cerite  metals  appear  to  form 
a  group  intermediate  between  those  of  magnesium  and  aluminium, 
in  regard  to  the  behaviour  of  those  salts  which  would  be  likely 
to  come  into  use  for  electrolysis.  It  is  well  understood  that 
none  of  the  chlorides  of  these  metals  can  be  obtained  in  the 
anhydrous  condition  by  evaporating  their  solutions  in  water, 
since  decomposition  always  occurs  on  drying.  But,  as  in  the 
case  of  magnesium-chloride,  if  a  chemically  equivalent  quantity 
of  the  chloride  of  sodium  or  potassium,  together  with  a  little 
ammonium-chloride,  be  added,  the  solution  of  the  cerium,  lan- 
thanum, or  didymium  oxide  may  be  evaporated  to  dryness,  and 
the  dry  residue  may  then  be  fused  without  decomposition.  The 
melt  then  contains  comparatively  easily  fused  double  chlorides 
of  the  cerite  and  alkali  metals,  and  will  be  found  to  conduct  the 
electric  current  well.  But  although  it  may  have  been  easy  to 
obtain  the  metals  of  the  magnesium  group,  magnesium  and 
lithium,  almost  absolutely  pure,  either  by  direct  electrolysis  or 
by  electrolysis  followed  by  fusion,  it  is  not  safe,  with  the  methods 
of  production  hitherto  described,  to  rely  too  much  on  the  purity 
of  the  separated  metal,  if  its  reduction  have  been  effected  in 
quantities  somewhat  greater  than  would  be  possible  in  the  small 
porcelain  crucibles  of  the  laboratory.  It  is,  indeed,  very  im- 
probable that  Bunsen,  Hillebrandt,  and  Norton,  who  were  the 
first  to  reduce  the  cerite  metals  by  electrolysis,  obtained  a  pro- 
duct that  was  free  from  iron.  They  employed  the  following 
method,  which  was  devised  by  Bunsen  * : — 

The  decomposing  vessel  in  which  the  electrolysis  of  the  molten 
chloride  was  to  be  accomplished,  was  arranged  after  the  fashion 
of  a  Grove's  element  The  outer  cell,  which  in  the  Grove's 
battery  contains  the  zinc  plate  and  sulphuric  acid,  is  here  an 
ordinary  Hessian  crucible  of  about  100  c.c.  [3^  fl.  oz.]  capacity, 
filled  with  a  fused  mixture  of  equivalent  weights  of  sodium  and 
potassium  chlorides,  in  which  acylinder  of  thin  sheet-iron  serves 
as  positive  electrode  in  place  of  the  zinc  of  Grove's  cell.  The 
cylinder  is  5  cm.  [2  in.  J  high,  and  2*5  cm.  [1  in.]  across  internally, 
and  terminates  m  a  strip  which  serves  as  a  conductor,  and 
must  not  be  either  soldered  or  riveted  in  place.  Within  the 
cylinder  is  a  clay  cell  of  the  best  quality,  9  cm.  [3^  in-]  high 
and  2  to  2*6  cm.  ff  to  1  in.]  wide,  in  which  is  placed  the  chloride 
to  be  decomposed.  The  negative  electrode  is  immersed  in  this 
to  about  two-thirds  of  the  depth  of  the  cell ;  the  electrode  con- 
sists of  a  thick  iron  wire,  the  end  of  which  is  filed  down  some- 
what thinner,  and  round  its  end  is  twisted  a  piece  of  iron  wire 
about  as  thick  as  a  horse-hair,  which  projects  some  15  mm. 
[j^  in.]  beyond  the  stouter  piece  to  which  it  is  attached.  A 
piece  of  a  clay  pipe-stem  is  now  drawn  so  far  over  the  thicker 

•  Pogg,  Ann,^  1850,  vol.  dv.,  p.  633. 
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wire,  that  only  the  fine  wire  *  at  the  end  projects  out  of  the  clay 
and  comes  in  contact  with  the  fused  chloride  that  is  to  be 
reduced. 

In  the  reduction  of  such  chlorides  as  are  easily  converted 
into  oxides  by  the  action  of  water  vapour,  the  fusion  must  never 
be  effected  by  means  of  a  gas  flame.  Even  in  the  heating  of 
chlorides  that  are  less  readily  decomposed,  it  is  better  to  avoid 
the  use  of  gas  flames,  since  the  water  vapour  that  they  evolve 
is  very  liable  to  cause  re-oxidation  of  the  already  reduced  metal. 
The  charcoal  that  is  used  to  melt  the  electrolyte  in  these  cells, 
therefore,  must  be  thoroughly  glowing,  and  should  have  given 
off  all  the  hydrogen  that  it  contained  before  starting  the  experi- 
ment. For  the  same  reason,  the  chloride  that  is  to  form  the 
electrolyte  must  be  very  thoroughly  dried,  and  must  then  be 
heated  in  a  platinum  crucible  with  sal-ammoniac  until  the 
bulk  of  the  latter  salt  has  been  expelled.  It  must  be  stored 
in  closely  stoppered  bottles,  and  be  guarded  most  carefully 
against  the  re-absorption  of  moisture.  Finally,  when  the  chloride 
is  melted  for  the  experiment,  the  contents  of  the  clay  cell  are 
covered  with  a  layer  of  powdered  sal-ammoniac,  which  has 
previously  been  heated,  and  this  salt  is  replaced  as  fast  as  it 
volatilises. 

The  yield  of  metal,  and  the  size  of  the  globules  obtained, 
depend  upon  the  temperature  at  which  the  fused  chlorides  are 
submitted  to  the  action  of  the  currents.  If  the  clay  cell  be 
raised  to  a  temperature  exceeding  the  fusing  points  of  the  salt 
under  electrolysis  and  the  metal  that  is  to  be  separated,  the 
drops  of  metal,  which  form  upon  the  surface  of  the  negative 
electrode,  fall  to  the  bottom,  and  are  there  for  the  most  part 
re-oxidised  at  the  expense  of  the  silica  in  the  clay  walls  of  the 
cell.  The  addition  of  fuel  and  the  supply  of  sal-ammoniac  are 
therefore  so  regulated  that  the  upper  part  of  the  salt  in  the 
clay  cell  remains  solid,  while  the  lower  part  around  the  negative 
electrode  is  in  a  semi-solid  or  pasty  condition.  The  metallic 
particles  thus  increase  in  size  without  sinking  through  the  pasty 
mass,  and  may  even  grow  into  globules  the  size  of  a  hazel  nut 
if  the  experiment  be  carefully  tended.  The  electrolytic  decom- 
position should  be  started  only  when  the  melted  salt  is  in  the 
proper  condition,  because  otherwise  the  reduced  metal  is  liable 
to  separate  in  a  pulverulent  form,  and  to  mingle  with  the  con- 
tents of  the  clay  cell,  so  that  the  formation  of  larger  metallic 
globules  would  be  prevented. 

The  success  of  the  reduction  depends  not  only  upon  the 
temperature  of  the  bath,  but  also  upon  the  absolute  intensity 
of  the  current  employed.  Four  large  carbon-zinc  elements  suflice 
for  the  experiment.     The  clay  cells  of  such  elements  should  con- 

*A  piece  of  this  wire,  1  cm.  long,  weighs  about  4  mg.  [1  in.  weighs 
about  1^  grain.] 
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tain  250  c.c.  [9  fl.  oz.]  of  nitric  acid  ;  the  carbon  rods  should  be 
21  cm.  long  by  2*5  cm.  wide  by  4*5  cm.  thick  [Si  in.  x  1  in.  x  1|  in.], 
and  the  total  available  area  of  the  zinc  sunace  surrounding  the 
clay  cell  should  be  590  sq.  cm.  [90  sq.  in.]. 

The  author's  experiments  in  the  reduction  of  these  metals  by 
electrolysis  have  only  extended  to  the  treatment  of  a  mixture  of 
their  chlorides.  Hillebrandt  and  Norton  have  apparently  ad- 
hered too  carefully  to  the  process  devised  by  Matthiessen  for 
the  separation  of  strontium.  It  is  not  necessary  in  this  case  to 
use  a  current  density  of  the  grade  that  is  required  for  the  separa- 
tion of  the  alkaline-earth  metals.  The  double  chlorides  of  the 
cerite  and  alkali  metals  above  described  may  quite  easily  be 
electrolysed  in  an  iron  crucible,  which  either  serves  as  (or  is  in 
direct  electrical  connection  with)  the  cathode.  (See  under 
Lithium,  p.  34,  and  Magtiesium,  p.  28).  In  such  an  experiment, 
with  a  cathode  area  of  500  sq.  cm.  [7  7 '5  sq.  in.],  a  current  of 
50  amperes  and  6  to  7  volts  should  be  used.  Of  the  three 
metals,  cerium  separates  out  first  in  the  molten  condition ;  and 
by  stopping  the  experiment  at  the  right  moment,  it  is  possible 
to  obtain  this  element,  almost  free  from  lanthanum  and  didy- 
mium,  but  containing  much  iron;  it  may  be  separated  by  pouring 
off  the  fluid  salts,  and  then  emptying  the  metal,  which  remains 
at  the  bottom,  into  a  suitable  mould.  The  salt  may  then  be  re- 
melted,  and  on  continuing  the  operation,  the  didymium  is 
deposited  in  the  form  of  powder  or  flakes.  The  lanthanum 
precipitates  partly  with  cerium,  partly  with  didymium.  This  pro- 
cess is,  however,  as  little  to  be  recommended  for  the  practical 
production  of  pure  metal  as  that  drawn  up  by  Bunsen,  even 
though  the  chlorides  or  other  haloid  salts  of  the  single  metals 
be  used  in  the  very  purest  condition. 

The  production  of  a  pure  metal  can  only  be  reckoned  upon  if 
an  apparatus  and  a  process  be  used  similar  to  those  which  are  at 
present  employed  for  the  extraction  of  aluminium ;  and  as  the 
conditions  in  the  two  cases  are  identical,  there  is  no  need  to 
repeat  what  has  already  been  said  in  treating  of  aluminium. 
The  circumstance  that  the  salts  of  the  cerite  metals_  may  be 
obtained  in  the  anhydrous  state,  without  the  slightest  difficulty, 
greatly  facilitates  the  separation  of  the  metal.  The  chlorides 
are  obtained,  as  above  described,  by  evaporating  their  solutions 
with  alkaline  chlorides,  and  melting  the  dry  residue  with  an 
addition  of  dry  ammonium  chloride.  The  fluorides  are  precipi-. 
tated  in  the  form  of  white  powder  by  digesting  the  aqueous 
solution  of  cerite  metal  salts  with  fluor  spar,  or  by  adding  a 
soluble  fluoride  to  the  cerium  solution. 

Applioations  of  the  Cerite  Metals. — But  little  can  as  yet  be 
written  concerning  the  technical  applications  of  the  cerite  metals. 
The  ease  with  which  cerium  alloys  with  copper  and  iron,  and  the 
great  soundness  of  the  alloys  produced,  and  the  special  reducing 
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power  of  the  metals  (most  particularly  that  of  cerium)  will 
become  prominent  as  soon  as  the  supply  of  cerite  is  more 
abundant.  If  once  the  metal  could  be  placed  upon  the  market 
at  a  cheap  rate,  there  is  no  doubt  that  it  would  at  once  find  a 
wide  field  for  use  in  the  refining  of  metals  and  the  making  of 
alloys.  A  further  use  in  pyroteohny  and  photography  may  be 
predicted  for  it  on  account  of  the  extremely  brilliant  light  thai 
it  emits  during  combustion. 
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CHAPTER  I. 
COPPER. 


Properties  of  Copper. — Copper  (Cu ;  atomic  weight  =  63-4, 
specific  gravity  =  8*94),  when  pure,  exhibits  a  yellow isb-red 
colour  on  suri'aces  recently  fractured.  The  structure  of  cast 
copper  is  granular,  but  by  hammering  or  rolling  it  becomes 
fibrous.  It  is  remarkable  for  great  ductility,  united  with  a 
moderate  degree  of  hardness  and  tenacity.  Copper  which  has 
become  hardened  by  mechanical  work  may  be  made  malleable 
again  by  heating.  Its  conductivity  for  heat  and  electricity  is 
very  high,  and  the  latter  property  has  therefore  led  to  its  general 
use  for  conductors  in  electro-technical  work.  Shortly  before 
attaining  its  melting  point  (which  is  about  1050°  C),  the  metal 
becomes  so  brittle  that  it  may  be  pulverised.  In  the  molten 
condition  the  metal  has  a  greenish  colour,  and  it  also  imparts  a 
green  tint  to  oxidising  flames.  The  boiling  point  of  the  metal  is 
not  far  removed  from  the  temperature  of  the  oxyhydrogen  flame, 
or  the  electric  arc,  and  may  perhaps  be  taken  as  approximating 
3000°  C. 

When  melted,  copper  has  a  great  tendency  to  dissolve  certain 
gases  (hydrogen,  carbonic  oxide,  and  sulphurous  acid),  which  it 
evolves  again  on  solidifying.  Certain  metals  (aluminium,  nickel, 
cobalt,  zinc,  cadmium,  tin,  lead,  bismuth,  the  noble  metals, 
manganese,  chromium,  tungsten,  molybdenum,  and  iron)  are 
also  readily  dissolved  by  it,  as  also  various  metallic  compounds 
(cuprous  oxide,  sulphide,  and  phosphide,  and  the  arsenides, 
arseniates,  antimonides  and  antimoniates  of  lead,  bismuth,  <kc.). 
The  solubility  of  the  gases  and  the  compounds  last  named  should 
be  remembered  in  the  melting  of  the  copper  in  the  refinery,  and 
in  the  casting  of  copper  and  its  alloys  generally.  The  mutual 
solubility  of  copper  and  other  metals  is  utilised  in  the  prepara- 
tion of  alloys. 

Of  the  chemical  properties  of  this  metal  the  following  may 
be  specially  noted  as  bearing  upon  its  extraction  and  useful 
applications : — The  polished  surface  of  rolled  or  hammered  (and 
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therefore  dense)  copper  may  remain  unaltered  in  the  air  for  a 
long  time ;  but,  in  contact  with  acid  substances  in  the  presence 
of  air,  the  metal  is  very  easily  oxidised  with  the  formation  of 
basic  salts  (e.g.y  verdigris).  Or,  again,  at  a  low  red  heat,  far 
below  its  melting  point,  it  becomes  covered  with  a  film  or  "  scale  " 
which  consists  of  a  mixture  of  the  cuprous  and  cupric  oxides. 

In  combining  with  sulphur  it  exhibits  a  far  greater  chemical 
energy  than  does  any  of  the  other  heavy  metals,  and  this  property 
has  a  special  interest  in  connection  with  the  extraction  of  copper 
from  its  ores.  Copper  also  unites  directly  with  the  other 
metalloids,  excepting  hydrogen,  nitrogen,  and  carbon.  A 
product  in  which  hydrogen  is  associated  with  copper  is  known, 
but  is  not  commonly  regarded  as  a  true  chemical  compound. 

The  principal  solvents  for  copper  are  nitric  acid,  concentrated 
sulphuric  acid,  and  aqiia  regia.  Hydrochloric  acid  and  dilute 
sulphuric  acid  only  dissolve  the  metal  when  air  or  some  other 
oxidising  substance  is  present ;  on  account  of  the  low  solution 
pressure  of  this  metal,  hydrogen  can  never  be  produced  by  the 
action  of  acids  upon  it,  and  it  is  for  this  reason  that  the  addition 
of  an  oxidising  agent  is  required. 

Although  copper  is  able  to  form  two  compounds  with  oxygen 
or  with  sulphur  (cuprous  oxide  or  suboxide,  OujO,  and  sub- 
sulphide  or  cuprous  sulphide,  Cu^S ;  and  the  cupric  oxide,  OuO,  and 
sulphide,  CuS),  it  produces  only  one  series  of  salts  with  oxygen 
acids,*  and  these  are  produced  from  the  higher  oxide,  CuO. 
Only  with  the  haloid  acids  can  both  cuprous  and  cupric  salts  be 
formed.     Copper  shows  a  great  t-endency  to  form  basic  salts. 

Ooourrenoe  of  Copper  in  Nature. — Among  the  ores  of 
copper,  only  the  following  need  be  mentioned  here: — Native 
(metallic)  copper;  red  copper  ore,  Cu^O;  black  oxide,  CuO; 
copper  pyrites,  CugS  .  Yq^^  ;  copper  glance,  CujS ;  malachite, 
Cu2(OH)2C03 ;  and  blue  carbonate,  Cu8(OH)2(C03)2.  Of  these, 
the  sulphides  are  most  used  for  the  extraction  of  the  metal, 
because  they  are  the  most  widely  distributed ;  and  it  is  quite 
exceptional  to  find  native  copper,  the  oxides,  and  salts  smelted 
alone. 

1.  The  Boasting  Prooesses. — The  mechanical  separation  of 
the  cupriferous  from  the  non-cupriferous  materials  of  the  ore  is 
limited  by  the  comparatively  slight  differences  between  the 
densities  of  these  constituents,  and  by  their  being  intimately 
mixed,  alloyed  or  even  chemically  combined,  so  that  only  a 
product  with  but  a  small  proportion  of  copper  may  be  aimed  at. 
The  smelting  of  such  ores,  whether  raw  or  dressed,  for  the  direct 
production  of  copper,  would  not  only  give  rise  to  a  great  loss  of 
the  metal  in  the  numerous  bye-products,  but  would  yield  a 
copper  that  would  be  worthless  for  most  purposes,  unless  it  were 

*  [The  exceptions  to  this  rule — e.^.,  cuprous  sulphites — are  so  few  in 
number  that  they  may  fairly  be  disregarded  in  this  book. — Translatok.] 
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first  submitted  to  such  a  process  of  refining  as  would  involve  an 
expenditure  that  would  be  quite  prohibitive.  Accordingly,  the 
first  process  in  the  extraction  of  copper  is  always  one  of  chemical 
preparation  or  concentration,  dependent  upon  the  high  chemical 
stability  of  copper  when  it  is  combined  with  sulphur  in  the 
melted  condition.  The  ore  is  therefore  calcined  in  order  to 
remove  a  part  of  its  sulphur  by  oxidisation,  so  that,  on  sub- 
sequent fusion,  it  may  yield  a  matte  (CugS  .  xFeS)  containing 
the  copper  in  the  form  of  sulphide.  This  process  is  then 
repeated  again  and  again,  if  necessary,  until  the  matte  contains 
sufficient  copper  for  use  in  the  smelting  furnace.  The  resultant 
matte  is  finally  roasted,  and  is  subsequently  or  simultaneously 
melted,  not  only  to  effect  the  removal  of  foreign  substances, 
especially  FeO,  in  the  shape  of  slag,  but  to  enable  the  oxide  of 
copper  that  is  formed  to  react  with  the  sulphide  already  present, 
and  so  to  yield  metallic  copper  and  sulphur  dioxide. 

In  England,  such  a  process  was  at  one  time  used  to  the 
exclusion  of  all  others;  and  this  Welsh  ProcesB,  as  it  was 
termed,  may  be  epitomised  as  follows : — 

(i.)  Calcination  of  the  Ore, — This  was  originally  conducted  in 
simple  reverberatory  furnaces,  and  later  in  mechanically-stirred 
or  revolving  furnaces,  pyrites-burners,*  or  the  like,  the  object 
being  to  recover  the  sulphur  from  the  gases  by  converting  it 
into  sulphuric  acid,  whilst  at  the  same  time  so  reducing  the 
proportion  of  sulphur  in  the  ore  that  the  latter  might,  on  melting, 
yield  an  easily  fusible  matte  consisting  of  complex  sulphides 
containing  a  proportion  of  copper  much  larger  than  the  initial 
average  of  the  charge.  So  far  as  the  substances  taking  part  in 
the  principal  reactions  of  the  smelting  process  are  concerned, 
the  calcined  ore  may  be  said  to  consist  of  a  mixture  of  the  oxides 
and  sulphides  of  iron  and  copper. 

(iL)  Melting  for  Coarse-Metal. — The  calcined  ore  is  melted  in 
a  reverberatory  furnace,  so  that  a  matte  (coarse -metal)  may  be 
obtained,  which  contains  practically  the  whole  of  the  copper 
combined  with  a  portion  of  the  sulphur  as  sulphide,  together 
with  as  much  sulphide  of  iron  as  may  be  formed  by  the  remain- 
ing sulphur  in  the  charge.  The  excess  of  iron  is  in  the  form  of 
oxide,  and  as  it  is  fluxed  by  a  suitable  (acid)  addition  of  silica  to 
the  charge,  it  is  carried  away  in  the  resulting  slag. 

(iii.)  Calcination  of  the  Coarse-Metal. — As  in  the  first  calcinar 
tion  process,  a  part  of  the  residual  sulphur  is  removed,  but  there 
must  still  be  left  in  the  calcined  charge  enough  (or  slightly  more 
than  enough)  sulphur  to  combine  with  the  whole  of  the  copper 
present. 

*  For  descriptions  of  other  forms  of  plant  which  are  not  employed  in 
electro-metallurgical  work,  the  reader  is  referred  to  the  text- books  on 
metallurgy ;  or  for  those  of  calciners  used  in  connection  with  vitriol 
chambers  to  the  hand-books  of  the  alkali  trade. 
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(iv.)  Melting  for  Fine-Metal. — The  calcined  charge  from  the 
previous  operation  is  melted  in  a  reverberatory  furnace  with  an 
acid  bottou),  and  thus,  bj  reactions  resembling  those  of  stage  (ii.), 
affords  a  concentrated  matte  (fine -metal),  which  should  be  nearly 
pure  sulphide  of  copper.  If  the  matte  should  be  too  impure  it 
must  be  remelted  ;  but  this  is  rarely  necessary  if  the  Welsh 
process  have  been  properly  conducted  ;  and  it  is  generally  passed 
on  to  the  roasting  process. 

(v.)  Boasting  for  Blister-Copper. — This  operation*  is  now  per- 
formed either  in  two  separate  stages — roasting  and  reaction — 
or  in  one  operation.  In  the  former  case  the  fine  metal  is 
roasted  in  a  reverberatory  furnace,  and  then  melted,  so  that  the 
reaction  of  copper  oxide  and  sulphide  above-described  might 
lead  to  the  production  of  crude  metallic  copper  (blister-copper). 
Foreign  oxides  were  as  far  as  possible  removed  by  the  addition 
of  acid  fluxes,  i-eacting  upon  an  acid  hearth. 

The  older  process  of  roasting  in  a  reverberatory  furnace  is 
now  replaced  at  many  works  by  that  of  Bessemerising. 
As  the  name  suggests  to  any  who  are  acquainted  with  the 
original  Bessemer  process,  this  operation  consists  in  forcing  a 
powerful  blast  of  air  through  the  melted  matte,  when  the  same 
chemical  reactions  will  take  place  as  occur  in  the  roasting 
process.  Owing  to  the  low  specific  heat,  and  the  good  thermal- 
conductivity  of  copper,  there  would  be  great  risk  [amounting  to 
a  certainty]  of  the  separated  copper  solidifying  at  the  bottom  of 
the  converter,  if  this  vessel  were  made  on  the  precise  pattern  of 
those  used  in  steel  making.  The  twyers  for  the  admission  of 
the  air-blast  must  therefore  be  placed  above  the  level  of  the 
melted  copper,  instead  of  at  the  bottom  of  the  converter.  In 
some  instances  these  converters  are  made  in  the  form  of 
horizontal  cylinders,  resembling  revolving  calciners,  with  the 
twyers  placed  in  a  horizontal  line,  so  that  their  level  may  be 
altered  to  correspond  with  the  progress  of  the  reaction,  whilst 
in  other  cases  the  shape  of  the  original  (steel)  converter  is 
retained,  but  the  twyers  are  placed  around  the  sides  instead  of 
at  the  bottom.     The  lining  is  of  an  acid  character. 

In  the  Welsh  process  only  sulphide  ores  can  be  used,  but 
oxides  or  oxidised  ores  or  products  may  be  introduced  in  some 
of  the  operations  in  place  of  calcined  ore. 

2.  The  Beductlon  Process. — This  process  is  usually  applied 
to  the  smelting  of  sulphide  ores,  and,  therefore,  necessitates  a 
preliminary  concentration  for  the  reasons  already  adduced.  The 
processes  formerly  used  in  Germany  and  Sweden  (and  sometimes 

*  [In  the  latest  modification  of  the  Welsh  process  (by  NichoUs  and  James), 
a  portion  of  the  fine  metal  is  roasted,  and  is  then  melted  with  so  much  of 
the  unroasted  fine  metal  that  the  above  reaction  takes  place  quantitatively, 
and  practically  no  slag  is  produced.  The  refining  process  is  then  at  once 
effected  in  the  same  hearth. — Translator.] 


COPPER.  175 

Icnown  as  the  German  or  Swedish  processes)  differ  from  those 
-employed  to-day  only  in  the  character  of  plant,  and  in  the 
working  details  connected  with  the  use  of  the  latter.  The 
chemistry  of  the  newer  system  of  work  remains  unchanged,  and 
it  will,  therefore,  suffice  to  give  an  outline  of  the  modern  process 
as  follows : — 

(i. )  Boasting  of  the  Ore. — This  is  usually  effected  in  pyrites- 
burners,  or  similar  apparatus,  if  sulphuric  acid  is  to  he  obtained 
■as  a  bye-product ;  but  otherwise  in  reverberatory  furnaces,  with 
mechanical  stirrers  or  in  revolvers.  The  chemical  changes 
involved  have  already  been  explained. 

(ii)  Melting  for  Coarse^Metid  (Rohstein). — ^This  is  conducted 
■almost  exclusively  in  low  blast-furnaces  20  to  30  ft.  high,  and 
affords  a  matte  containing  35  to  40  per  cent,  of  copper. 

(iii.)  Roasting  the  Coarse-Metal,  for  the  most  part  in  kilns. 

(iv.)  Melting  for  Fine-Metal  (Spurstein), — The  operation  was 
formerly  performed  in  blast  furnaces ;  but  reverberatories  are 
generally  employed  at  present,  giving  a  matte  which  should 
-contain  about  60  to  70  per  cent,  of  copper. 

(v.)  Dead-roasting  of  the  Fine-Metal,  first  in  kilns,  and  subse- 
-quently  in  heaps. 

(vi.)  Redtxtion  of  the  Roasted  Fine-MetaL — In  the  old  German 
process  this  part  of  the  work  was  done  in  low  blast  furnaces,  but 
these  have  been  replaced  by  reverberatory  furnaces.  The 
product  of  this  operation  is  known  as  black  copper  (^Schuxirz- 
Eupfer). 

The  presence  of  certain  other  metals  in  the  ores  will  obviously 
necessitate  alteratiohs  in  the  above  practice,  or  the  introduction 
of  intermediate  processes  to  which  allusion  will  shortly  be  made. 
This  method  is  principally  adapted  to  the  smelting  of  sulphide 
•ores ;  and  it  is  unnecessary  to  point  out  that  roasting  processes 
need  not,  as  a  rule,  be  applied  to  oxidised  ores  and  metallurgical 
products,  such  as  red  copper  ore,  carbonates,  or  silicates,  which 
may  he  smelted  for  pure  metal  immediately,  and  usually  in  the 
blast  furnace.  The  fluxes  added  to  the  charge  in  this  case  must 
of  course  be  suited  to  the  nature  of  the  gangue  stuff  and  the 
copper  minerals  operated  upon ;  they  must  usually  have  a  basic 
character,  however,  for  example :  dolomite,  basic  slag,  and 
the  like.  Only  exceptionally  can  substances  to  be  smelted 
be  so  selected  that  the  impurities  in  the  one  may  exactly  flux 
those  in  the  other. 

8.  Leaohing  of  Copper  from  Ores  and  Fximace  Produots. 
— In  the  few  instances  in  which  the  copper  is  present  in  an  ore 
in  a  soluble  form  (e,g,,  copper  sulphate),  the  application  of  this 
process  is,  of  course,  very  simple.  Oxides  and  carbonates  are  also 
very  well  adapted  to  this  process,  suitable  solvents  being  hydro- 
chloric acid,  chloride  solutions,  and  sulphuric  acid.  But  even 
"Ores  which  contain  less  easily  soluble  compounds  of  copper  are 
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often  treated  by  the  soK^Ued  wet  methods,  if  the  ordinarj 
smelting  processes  are  not  available  owing  to  the  small 
proportion  of  copper  present.  The  sulphate  or  chloride  of 
copper  is  produced  by  weathering,  by  an  oxidising  or  chlori- 
dising  roast,  or  by  treatment  with  recognised  oxidising  or  chlori- 
dising  agents,  such  as  ferric  salts,  capric  chloride,  and  the  like. 
This  substance  can  then  be  easily  extracted  by  means  of 
water  or  dilute  acids.  From  such  solutions  the  copper  is 
separated  as  cement  copper,  whenever  possible,  by  treatment 
with  scrap-iron ;  or,  exceptionally,  it  may  be  obtained  as  sulphate 
or  hydroxide. 

So  also  black  or  finished  copper  containing  the  precious  metals 
was  at  one  time  ordinarily  treated  by  a  process  of  solution  ;  but 
this  is  now  done  only  in  the  few  instances  in  which  the  demand 
for  copper  sulphate  makes  the  operation  remunerative.  For  this 
purpose  the  copper  is  granulated  and  placed  in  a  lead-lined 
wooden  vat,  where  it  is  subjected  to  the  joint  action  of  air 
admitted  constantly  from  below,  and  moderately  dilute  sulphuric 
acid  poured  over  it  intermittently  from  above.  The  effect  of  the 
latter  is  to  dissolve  the  oxide  formed  superficially  by  the  action 
of  the  air,  and  to  rinse  off  the  slime  consisting  of  the  precious 
metals,  lead  oxide,  and  other  insoluble  substances.  The  latter 
substances  collect  at  the  bottom  of  the  channel  through  which 
the  copper  sulphate  solution  is  run  off,  and  are  removed,  washed, 
dried,  and  submitted  to  a  process  of  separation,  as  described  in 
the  chapters  on  silver,  gold,  and  lead.  The  copper  sulphate 
solution  is  then  crystallised.  Formerly  the  copper  liquors  were 
treated  with  iron,  but  now,  in  the  absence  of  any  demand  for 
oopper  sulphate,  they  are  decomposed  electrolytically. 

4.  Befining  Processes  for  Native  and  Crude  Copper. — 
Occasionally,  but  very  rarely,  native  copper  is  found  in  such 
quantity  and  so  pure  that  it  may  be  simply  melted,  with 
suitable  fluxes  to  effect  the  removal  of  the  gangue  stuff,  and 
then  refined.  The  smelting  processes  above  described  afford 
only  an  impure  metallic  copper  (blister,  black,  or  cement  copper), 
which  can  very  rarely  be  used  without  further  treatment.  The 
impurities  contained  in  these  varieties  of  copper  may  comprise — 
silver,  gold,  zinc,  lead,  bismuth,  cobalt,  nickel,  iron,  sulphides, 
arsenides,  antimonides,  <fec. 

In  the  first  place,  the  presence  or  absence  of  the  precious 
metals  influences  the  choice  of  a  refining  process.  In  their 
absence  the  metal  is  always  first  submitted  to  an  oxidising  roast 
on  the  hearth  of  a  reverberatory  furnace  with  an  acid  bottom. 
In  this  way  the  impurities  are  removed,  either  in  the  slag  or  by 
volatilisation ;  but  at  the  same  time  it  is  impossible  to  prevent 
some  oxidation  of  copper,  a  part  of  the  oxide  formed  remaining 
dissolved  in  the  otherwise  pure  metal.  The  metal  at  this  stage 
is  known  as  dry  copper^  and  is  quite  useless  for  rolling  or  other 
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mechanical  treatment,  by  reason  of  the  cuprous  oxide  that  it 
contains,  although  it  might  be  occasionally  used  in  the  manu- 
facture of  a  few  alloys,  such  as  brass.  To  render  it  malleable, 
the  cuprous  oxide  must  be  removed;  and  this  is  most  con- 
Teniently  done  by  the  application  of  reducing  agents  after  the 
roasting  is  complete  and  the  oxide  slag  has  been  withdravm. 
Accordingly,  the  melted  metal  is  covered  with  a  layer  of  anthra- 
cite, and  is  then  poled  by  the  introduction  of  a  wooden  stake 
plunged  beneath  its  surface.  The  gases  evolved  by  the  distilla- 
tion of  the  wood  are  themselves  reducing,  and  by  stirring  the 
copper  into  intimate  mixture  with  the  anthracite,  they  cause  the 
reduction  of  the  oxide.  When  this  action  has  proceeded 
sufficiently  far,  the  metal  is  ladled  into  ingot  moulds,  and  is 
known  as  tough-cake  copper. 

ELECTBOLYTIC   METHODS   OF  TBEATING 

OOFFEB. 

On  account  of  the  greater  simplicity  of  the  electrolytic  refining 
processes,  these  will  be  considered  before  referring  to  the  electro- 
lytic treatment  of  ores  and  metallurgical  products. 

ELECTROLYTIC  REFINING  OF  COPPER. 

Early  attemptiS  in  the  Eleotro-Deposition  of  Copper. — 
Although  the  fact  that  copper  could  be  separated  from  its 
solutions  by  means  of  the  electric  current,  was  known  through 
Cruickshank's  *  researches  in  1800,  no  successful  application  of 
this  observation  could  be  made  in  the  field  of  metallurgy  until 
after  the  invention  of  the  dynamo.  Following  upon  this,  how- 
ever, no  time  was  lost  in  utilising  the  current  for  the  purpose  in 
question. 

Attempts,  however,  were  constantly  made  to  apply  the  cur- 
rent to  metallurgical  purposes,  and  especially  to  the  treatment 
of  copper  ores,  even  at  a  time  when  there  was  no  economical 
generator  of  electricity  available.  Becquerel's  work  in  the  years 
1835  to  1840,  on  the  electro-chemical  treatment  of  ores  containing 
silver,  copper,  and  lead,  will  be  referred  to  briefly  under  Lead, 
As  soon  as  Jacobi's  discovery  of  electrotyping  became  known  in 
the  year  1838,  Smee  recognised  how  important  a  part  electrolysis 
was  destined  to  play  in  metallurgy,  as  may  be  gathered  from 
his  work  on  electro-metallurgy,  f  Even  in  1867,  the  year  in 
which  Siemens  first  described  his  dynamo-electric  machine, 
Patera  X  published  an  account  of  a  method  for  the  precipitation 
of  copper  from  cement  waters,  in  which  he  wrote : — 

*  Kioholflon's  Jowmal  o/NtUural  PhUotophy^  1800. 
t  Smee's  EUctro-metaUuray^  1 841 . 

t  Verhandiungen  der  k,  I.  ffeologiichen  BeieJuamtally  1867,  No.  6 ;  and 
DimgUr^s  PolyUchnischiM  JowrntU,  1867,  voL  olzxxiv.,  p.  134. 

12 
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Patera's  Process. — "In  a  trough  lined  with  guttapercha 
plates,  a  rectangular  clay  cell  was  so  cemented,  that  the  two 
walls  that  were  in  contact  with  the  longer  sides  of  the  trough, 
made  a  water-tight  joint  with  them ;  an  empty  space  was  thus 
formed,  bounded  by  the  shorter  sides  of  the  trough,  the  free 
walls  of  the  clay  cell,  the  bottom  of  the  trough  and  that  of  the 
cell.  This  space  was  filled  with  granulated  copper,  and  through 
it  was  passed  the  solution  from  which  copper  was  to  be  recovered. 
Within  the  clay  cell  were  parallel  iron  plates,  so  soldered  on  to 
a  stout  copper  wire  that  there  was  a  space  of  about  four  lines 
between  each  pair  of  plates.  This  system  of  iron  plates  was 
brought  into  electrical  connection  with  the  granulated  copper  by 
means  of  a  copper  wire.  The  copper  sulphate  liquor  was  con- 
tinually introduced  on  one  side  of  the  cell,  and  was  run  off  from 
the  other  through  a  glass  tube.  A  solution  of  blue  vitriol,  with 
a  proportion  of  copper  equal  to  that  of  the  Schmdllnitz  mine 
waters — viz.,  y^  oz.  per  cb.  ft. — loses  more  than  half  its  copper 
in  traversing  even  the  1^  ft.  of  space  through  which  it  has  to 
pass  in  this  small  apparatus.  By  passing  the  liquid  through  two 
such  cells  in  succession,  or  by  leaving  the  solution  in  one  cell  for 
only  a  short  time,  the  extraction  of  copper  will  be  complete. 

'*It  appears,  therefore,  that  this  apparatus  will  answer  all 
requirements.  The  copper  obtained  in  this  way  will  be  very 
pure,  the  consumption  of  iron  will  correspond  very  nearly  to  the 
equivalent  of  the  copper  separated,  and  the  apparatus  will  be 
very  compact,  and  therefore  easy  to  supervise.  The  only 
difficulty  that  I  [i.e.,  Patera]  observe  is  that  a  large  quantity  of 
granulated  copper  must  be  employed,  which,  although  it  is  not 
permanently  lost,  is  locked  up  in  the  apparatus,  and,  therefore, 
adds  considerably  to  the  capital  outlay  in  making  the  installation. 
/  afierwarda  attempted  to  replace  the  copper  by  fragments  of  coke,  and 
apparentty  with  complete  success,  for  the  copper  coats  tJie  fragm/snJU 
so  thoroughly  and  so  ecuily  thai  they  are  able  at  once  to  form  a 
perfect  substitute  for  the  granulated  copper ^ 

The  Elkington  Patents.  —  Elkington's  process  possesses 
great  interest  in  connection  with  copper  refining,  as  it  was  the 
first  to  utilise  the  current  from  the  dynamo.  The  English 
patent*  dates  from  the  year  1865,  the  American!  bears  a  con- 
siderably later  date.  The  following  is  a  transcript  of  the  later 
British  specification,  omitting  preliminary  matter  : — 

"  This  invention  has  for  its  object  improvements  in  the  manu- 
facture of  copper  and  in  separating  other  metals  therefrom. 

'*  For  this  purpose  I  smelt  the  copper  ore  so  far  as  to  obtain 
an  impure  metal  therefrom,  which  I  then  cast  into  plates,  and  by 
means  of  electricity  I  dissolve  these  plates  and  deposit  the  pure 
copper  on  to  other  plates.     The  other  metals  with  which  the 

*  English  Patent  2838,  Nov.  3,  1866 ;  and  3120,  Oct  27,  1869L 
t  U.S.A.  Patent  100,131,  of  Feb.  22, 1870. 
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copper  was  combined  fall  for  the  most  part  to  the  bottom  of  the 
▼easel  in  which  I  operate.  This  process  in  its  general  outline  as 
above  stated  is  not  new,  for  it  has  before  been  patented  and  used 
by  me,  see  patent  dated  November  3rd,  1865,  No.  2838. 

''  My  present  invention  consists  in  improvements  in  the  method 
of  conducting  this  process.     I  prefer  to  employ  copper  ores  which 
contain   sufficient   silver   materially   to   injure   the   copper   if 
smelted  in  the  ordinary  way,  and  which,  consequently,  would 
usually  be  submitted  to  a  process  for  extracting  the  silver  before 
they  are   smelted.     In  such  ores,  frequently,  the  quantity  of 
silver  is  not  such  as  to  pay  for  the  co3t  of  extraction,  but  the 
process  has,  nevertheless,  been  necessary  when  copper  of  high 
quality  is  required  to  prevent  injury  to  the  copper.     These  ores 
are  particularly  suitable  for  my  use  as  the  silver  they  contain, 
which  does  not  raise  their  price  in  the  market,  is  recovered  by 
me  without  any  additional  cost.      Ores  containing  a  larger 
quantity  of  silver,  say  from  8  ounces  to  the  ton  and  upwards, 
and  which  are  now  always  submitted  to  a  process  for  extracting 
the  silver  before  they  are  smelted,  can  also  be  advantageously 
worked  by  my  process,  as  can  also  ores  containing  little  or  no 
silver,  but  in  this  latter  case  the  advantage  of  my  process  over 
the  ordinary  process  is  mainly  in  the  better  quality  of  copper 
which  I  obtain.     I  smelt  the  ore  in  the  usual  way  so  as  to  obtain 
all  its  metallic  contents  (except  such  as  may  be  volatile)  in  the 
form  of  a  regulus,  from  which  stage,  by  preference,  but  it  is  not 
essential,  I  carry  the  metal  on  to  the  state  of  pimple  or  blister 
copper;  this  impure  metal  I  cast  into  plates,  say  24  in.  long,  8  in. 
wide,  and  1  in.  thick.     One  end  of  the  plate  is  provided  at  the 
centre  with  a  stout  T-shaped  head  of  wrought  copper;   it  is 
placed  in  the  mould  in  which  the  plate  is  cast.     Oast-iron  moulds 
are  used.     The  metal  is  tapped  out  of  the  furnace  on  to  a  sand 
floor,  and  is  led  by  channels  into  the  moulds.     The  plates  thus 
cast  are  ready  to  go  to  the  dissolving  house,  which  is  laid  with  a 
wooden  floor,  inclined  from  end  to  end  ^  an  inch  to  the  foot. 
The  boards  are  grooved  on  their  edges,  and  small  strips  or 
tongues  of  wood  are  inserted  into  the  grooves  so  that  there  may 
be  no  open  joints,  and  the  surface  is  thoroughly  saturated  and 
coated  with  pitch  to  make  it  watertight.     The  surface  of  the 
floor  is  divided  into  a  number  of  troughs  running  from  end  to 
end  of  the  building  by  ledges  of  wood  fixed  down  upon  it ;  these 
are  also  saturated  with  pitch.     Each  trough  is  of  a  width  to 
receive  three  stoneware  jars  side  by  side.     The  jars  are  cylin- 
drical, 34  in.  high  and  18  in.  wide.     There  are  pathways  between 
the  troughs  for  the  workmen  who  attend  to  the  process.     Each 
trough  is  filled  from  end  to  end  with  jars.     There  may  be,  say, 
about  100  jars  in  each  trough,  and  12  troughs  in  the  width  of 
the  building.     The  jars  should  be  of  fire-clay  ware  so  that  they 
may  not  be  injured  by  the  solution  which  they  receive.     Each 
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has  a  hole  in  the  bottom,  closed  by  a  wooden  plug,  also  a  hole  in 
the  side  4  in.  from  the  bottom,  and  another  hole  diametrically 
opposite  to  the  first  and  4  in.  from  the  top.  The  jars  are  set  up 
level  on  the  inclined  floor  with  wooden  wedges  saturated  with 
pitch.  The  jars  are  connected  together  from  the  upper  to  the 
lower  end  of  the  room,  each  jar  having  a  pipe  passing  out  from 
it  at  the  hole  near  the  top  and  entering  the  next  jar  below  at 
the  hole  near  the  bottom.  The  connection  with  the  jars  are 
made  with  vulcanised  india-rubber,  and  intermediate  of  the  con- 
nections the  pipes  may  be  of  lead,  and  about  ^  in.  internal 
diameter. 

"  The  solution  which  I  employ  is  water  charged  with  as  much 
sulphate  of  copper  as  it  will  dissolve.  The  sulphate  of  copper 
of  commerce  may  be  used,  or  for  economy  I  sometimes  use  a 
solution  obtained  by  boiling  the  deposit  found  in  the  culvert  or 
long  flue  by  which  the  smoke  from  the  copper  furnace  is  led  to 
the  high  chimney;  this  will  furnish  a  solution  of  sulphate  of 
copper  sufSciently  pure  for  the  jmrpose. 

"The  solution  is  stored  in  a  te^k  at  the  upper  end  of  the 
dissolving-room;  it  is  admitted  into  the  uppermost  jars,  and 
runs  from  jar  to  jar  until  those  at  the  lower  end  of  the  building 
are  filled.  Clips  are  put  upon  the  india-rubber  connections  to 
stop  the  flow  through  the  tubes  when  the  jars  are  full,  and  so 
to  maintain  the  solution  at  the  proper  level  in  the  upper  jars. 

"  When  the  process  is  in  operation  two  (aic)  clips  are  taken 
ofl*,  say,  once  in  24  hours,  so  as  to  cause  the  solution  to  flow 
through  all  the  jars  and  transfer  the  solution  from  the  bottom 
of  one  jar  to  the  top  of  the  next,  so  as  thoroughly  to  mix  it,  as 
in  working  it  tends  to  become  weak  at  the  top  of  the  jar.     This 
means  of  readily  equalising  the  density  of  the  solution  is  of 
great  practical  importance.     At  the  lower  end  of  the  room  is  a 
tank  to  receive  the  solution.     When  it  is  thus  allowed  to  run 
through  it  is  pumped  back  into  the  upper  reservoir.     The  same 
tank  receives  the  contents  of  the  jars  when  they  are  emptied  on 
to  the  floor  beneath  by  the  removal  of  the  bottom  plug,  as  herein- 
after described.     In  the  gangways  between  the  floor-troughs  a 
truck  runs  to  carry  the  cast  copper  plates  to  the  jars  in  which 
they  are  to  be  dissolved.     Six  metal  plates  are  suspended  in 
each  jar ;  they  are  hung  in  couples  from  the  horizontal  copper 
bars,  having  forks  upon  them  to  receive  the  T-form  heads  of  the 
plates.     These  bars  rest  at  their  ends  on  other  bars  of  wood  laid 
on  the  jars  so  as  each  to  extend  across  a  row  of  three  jars,  and 
the  same  bars  also  support  over  each  jar  two  other  metal  cross- 
bars to  support  plates  to  receive  the  deposit  of  copper  from  the 
solution.     There  are  four  receiving  plates  in  a  jar,  two  suspended 
from  each  bar;  they  are  interposed  between  the  cast  plates. 
Conducting  strips  of  sheet  copper  are  laid  upon  the  wooden 
bars  so  as  to  couple  the  cast  plates  of  one  jar  to  the  receiving 
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plates  of  the  next  jar,  and  so  throughout  the  series  of,  say,  100 
jars.  Each  metal  cross-bar  is  made  to  bear  on  a  connecting 
strip  at  one  end,  and  at  the  other  on  a  wooden  block  saturated 
with  pitch.  The  jars  are  each  provided  with  a  false  bottom  of 
wood  to  prevent  breakage  of  the  jar  in  case  a  plate  should  falL 
The  receiving  plates  may  be  of  wrought  copper,  but  I  prefer  to 
employ  in  the  first  instance  guttapercha  coated  with  bronze 
powder.  As  soon  as  a  deposition  of  copper  is  obtained  the 
guttapercha  is  stripped  off  and  the  copper  left  to  receive  a 
further  deposit.  A  series  of,  say,  100  jars  being  thus  coupled 
up  into  a  circuit  I  connect  to  the  terminals  of  the  series  one 
or  more  electro-magnetic  machines.  I  prefer  to  employ  the 
machines  manufactured  by  Messrs.  H.  Wilde  k  Co.,  of 
Manchester.  The  machines  called  by  the  makers  3i-in. 
machines  are  those  which  I  use,  and  I  drive  them  at  2500 
revolutions  per  minute.  With  three  such  machines  working 
into  a  series  of  100  jars  a  deposition  of  4  or  5  lbs.  of  copper  in 
each  jar  may  be  obtained  in  24  hours  without  injury  to  the 
solution.  When  the  cast  plates  become  so  far  dissolved  as  to 
be  unfit  for  further  use  they  are  removed;  their  remains  are 
washed  in  the  lower  solution  tank  to  remove  the  deposit  from 
their  surfisu^s,  and  they  are  melted  and  recast.  The  wrought 
T-heads  may  be  used  an  indefinite  number  of  times,  as  I  protect 
them  from  solution  by  coating  their  stems  with  wax.  The 
receiving  plates  are  allowed  to  grow  until  they  attain  a  con- 
venient weight ;  they  may  either  be  melted  and  cast  into  cakes, 
and  afterwards  rolled  in  the  usual  way  of  working  copper,  or  the 

§lates,  as  they  come  from  the  vats,  may  be  sent  into  the  market, 
'he  solution  may  be  worked  for  a  very  long  time,  evaporation 
being  supplied  by  the  addition  of  water  acidulated  slightly  with 
sulphuric  acid,  and  ultimately  will  become  so  charged  with 
sulphate  of  iron  as  to  make  it  inconvenient  to  work  it  further. 
If,  however,  the  metal  be  advanced  to  the  pimple  or  blister  stage 
before  casting  the  plates  it  will  take  but  little  iron  into  the 
solution.  The  silver  or  other  metals  (excepting  the  iron)  with 
which  the  copper  of  the  cast  plates  was  contaminated,  sinks  to 
the  bottom  of  the  jars  and  is  there  allowed  to  accumulate  until 
it  reaches  the  lower  side  hole ;  when  this  happens  the  bottom 
plugs  are  taken  out  of  all  the  jars  of  the  series,  and  the  contents 
washed  out  into  the  floor  trough,  which  discharges  them  into 
the  tank  at  the  end  of  the  building ;  here  they  settle,  from  time 
to  time  the  tank  is  pumped  dry,  and  the  sediment  is  taken  out. 
There  are  two  such  tanks  at  the  lower  end  of  the  room  to  allow 
of  one  being  put  out  of  use  before  emptying. 

''The  sediment  may  be  treated  in  any  ordinary  and  well- 
known  manner  for  the  recovery  of  the  silver  it  contains,  and 
other  metals  may  be  separated  from  it  should  it  be  considered 
desirable  to  do  so." 
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Excepting  the  form  of  the  decomposing  vessels,  which  is  a 
little  unpractical,  and  the  method  of  arranging  the  electrodes, 
which  is  lacking  in  simplicity,  this  process  is  one  which  exhibits 
all  the  essential  features  of  the  modern  methods  of  copper 
refining ;  and  it  must  be  admitted  that  Elkington  well  under- 
stood how  at  once  to  turn  to  his  advantage  the  discoveries  in 
electro- technology . 

Theory  of  Electrolytio  Copper  Hefining. — The  process  as 
it  is  practically  applied  consists,  then,  in  the  electrolysis  of  a 
copper  sulphate  solution  with  anodes  of  crude  copper  and  pure 
copper  cathodes.  And  whether  the  phenomena  observable  in 
carrying  out  the  process  be  interpreted  by  the  old  explanation, 
or  by  the  new,  it  will  be  found  that  no  great  expenditure  of 
power  can  theoretically  be  necessary  to  carry  over  the  copper 
from  the  positive  to  the  negative  electrode.  According  to  the 
older  view  the  electric  current  serves  to  decompose  the  electro- 
lyte ;  and  it  would  therefore  first  cause  the  transposition  shown 
in  equation  (i.)  : — 

(i.)    CUSO4  +  HsO  »  Ca  +  HsS04  +  O 

(-)  (+) 

But  then  at  the  same  time  there  would  be  occurring  an 
oxidation  and  solution  of  copper  at  the  anode,  with  a  reproduc- 
tion of  the  original  electrolyte,  and  therefore  a  reversal  of  the 
former  equation,  thus  : — 

(ii.)  Cu  +  H,S04  +  0  =  CUSO4  +  HjO. 

On  calculating  the  E.M.F.  necessary  to  these  reactions  from 
the  thermo-chemical  data  indicated  by  the  two  equations,  it  will 
be  seen  that  the  one  balances  the  other,  and  the  resultant  is  nil. 

According  to  the  modern  explanation  the  electrolytes  are 
entirely  or  in  part  dissociated.  In  such  a  case  the  solution 
must  contain  equivalent  Cu"  ions  and  SO/'  ions.  The  solution 
is  nearlv  saturated,  and  the  osmotic  pressure  is  therefore  more 
favourable  to  the  separating  out  of  aissolved  substances.  But 
another  characteristic  of  copper  refining  is  that  large  quantities 
of  copper  are  transported  from  the  anode  to  the  cathode.  It  is 
true  that  the  copper  of  the  anode  possesses  a  solution  pressure, 
even  if  it  be  but  small ;  but  equilibrium  is  maintained  without 
any  further  expenditure  of  energy  by  the  back  osmotic  pressure 
of  the  cations  already  existing  in  the  solution.  But  even  a 
slight  excess  pressure,  produced  outside  the  bath  by  the  dynamo, 
which  is  in  direct  metallic  connection  with  the  electrodes,  serves 
at  once  to  set  in  motion  large  quantities  of  copper  on  their  path 
from  the  anode  to  the  cathode,  where  an  escape  is  of  course 
provided  for  the  electrical  charges  given  up  by  the  copper  ions  as 
they  deposit. 

Theory  and  practice  alike  teach  that  only  a  very  small  electro- 
motive force  is  required  to  drive  copper  over  from  the  anode  to 
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the  caihode,  leaving  its  impurities  behind  at  the  anode,  and  that, 
therefore,  the  quantity  of  electricity  that  it  is  arranged  shall  be 
carried  by  the  copper  ions  must  be  very  large  in  proportion  to 
the  E.M.F. 

But  in  calculating  the  potential  required,  it  must  be  re- 
membered that  the  copper  anodes  are  not  composed  of  pure 
copper ;  they  contain  a  considerable  proportion  of  foreign  matter 
which,  if  left  insoluble,  is  capable  of  producing  polarisation. 
For  this  reason  the  anodes  and  the  electrolyte,  and  therefore 
the  necessary  E.M.F.  also,  will  alter  from  the  very  beginning 
of  the  operation.  Kiliani,  in  the  year  1885,*  undertook  the 
task  of  accurately  examining  and  recording  the  behaviour  of 
the  impurities  present  in  copper  under  electrolysis.  With 
reference  to  the  conditions  of  work  in  this  method  of  refining, 
he  writes : — 

Eiliani's  Ezperixnents  in  the  Behaviour  of  Impurities 
dnnng  the  Electrolytic  Befining  of  Copper. — "  With  a 
normal  current  density  of  20  amperes  per  sq.  metre  [1*8  amperes 
per  sq.  ft.],  and  a  solution  containing  150  grms.  copper  sulphate 
and  50  grms.  of  sulphuric  acid  per  litre  [1*56  lb.  copper  salt, 
and  0*52  lb.  acid  per  gallon],  cuprous  oxide  in  the  anode 
remains  unaltered,  because  it  is  a  very  bad  conductor,  and 
passes  at  first  into  the  slime  or  mud  left  at  the  electrode; 
secondarily,  however,  it  gradually  dissolves  in  the  acid  of  the 
bath,  and  thus  passes  into  solution  at  a  rate  proportional  to  the 
time  that  it  is  left  in  the  liquid.  The  presence  of  cuprous  oxide 
in  the  anode,  therefore,  causes  the  bath  to  become  less  acid  but 
richer  in  copper. 

"  Sulphide  (or  selenide)  of  Copper  passes  as  such  into  the  slime, 
so  long  as  it  is  not  present  in  quantities  which  would  be  con- 
sidered abnormal  in  black  copper,  and  especially  if  it  exist  in 
the  form  of  sub-sulphide  (Cu^S).  Sulphur  cannot  then  be  ex- 
tracted from  the  slime  by  means  of  carbon  bisulphide.  It  is 
only  when  the  anode  contains  a  considerable  proportion  of 
sulphide,  as  in  the  case  of  matte,  that  this  compound  is  decom- 
posed with  separation  of  sulphur. 

"Silver^  Platinum,  and  Gold  remain  completely  in  the  form  of 
powder  in  the  slime,  provided  that  they  be  not  present  in  very 
considerable  proportion,  and  that  the  solution  contain  the  normal 
charge  of  copper  and  acid.  If,  however,  the  solution  should 
become  neutral,  the  silver  will  rapidly  pass  into  solution,  and 
will  then,  of  course,  be  deposited  at  the  cathode. 

^^  Bismuth  and  Bismuth  Oxide  in  part  pass  directly  into  the 
slime  and  in  part  dissolve  into  the  solution,  from  which  they 
separate  almost  completely,  in  course  of  time,  in  the  form  of  a 
basic  salt. 

'*  Tin  at  first  dissolves  in  the  bath,  but  partly  deposits  again  on 
*  Berg-  und  Huttenmdnniachea  Zeitung,  1886,  p.  249. 
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standing,  as  a  basic  salt ;  but  if  mach  of  this  metal  be  present 
in  the  anodes,  the  greater  part  will  be  left  as  basic  sulphate  on 
the  anode  itself.  In  the  moist  condition,  this  anode  slime  has  a 
dirty  pale-grey  colour,  but  on  drying  in  the  air  it  becomes 
white,  and  increases  rapidly  in  weight,  even  after  long  drying 
at  100''  C,  so  that  it  is  almost  impossible  to  weigh  it  correctly. 
Finally,  the  slime  contains,  besides  sulphuric  acid,  tin  oxide, 
which  is  present  almost  entirely  in  the  form  of  the  o-stannic 
acid,  soluble  in  hydrochloric  acid,  and  only  in  very  small  pro- 
portion as  the  fi-  (meta)  stannic  acid,  which  is  insoluble  in  that 
liquid.  The  presence  of  tin,  therefore,  causes  the  bath  to  become 
weaker  in  respect  of  copper,  without  gaining  any  considerable 
proportion  of  tin  in  exchange;  and  in  consequence  of  the  separa- 
tion of  the  basic  salt,  the  liquid  becomes  slightly,  but  quite 
appreciably,  more  acid. 

'<  But  the  presence  of  the  tin  in  the  solution  appears  to  exert  a 
remarkably  favourable  influence  upon  the  deposit  of  copper;  for, 
whilst  a  bath  consisting  of  a  chemically  pure  neutral  solution 
of  copper  sulphate  gave  with  the  above -named  current  density 
a  deposit  that  was  exceedingly  bad,  warty,  and  brittle,  the  same 
current  produced  an  exceptionally  good  copper,  free  from  wart- 
like protuberances,  and  very  malleable,  when  the  anode  con- 
tained a  notable  proportion  of  tin.  This  favourable  result  was 
obtained  even  when  no  trace  of  tin  was  to  be  found  in  the  electro- 
deposited  copper;  it  was  tested  for  by  dissolving  the  deposit  in 
nitric  acid,  evaporating,  and  re-dissolving  the  residue  in  acidu- 
lated water,  and  not  the  slightest  precipitate,  or  even  turbidity, 
indicative  of  the  presence  of  tin,  could  be  observed  in  the  re- 
sulting solution.  From  the  observation  of  this  phenomenon, 
no  doubt,  arose  the  custom,  practised  by  a  few  electrotypers,  of 
adding  tin  salts  to  their  baths.  The  E.M.F.  required  for  the 
electrolysis  is  also  markedly  reduced  when  fairly  large  propor- 
tions of  tin  are  present  in  the  anodes. 

"  Arsenic  dissolves  in  either  acid  or  neutral  solutions  as  arsenic 
acid,  until  the  solution  is  saturated  with  the  latter,  and  then  it 
remains  undissolved  in  the  slime.  The  arsenious  acid,  com- 
bined with  cuprous  oxide  or  other  metallic  oxides,  passes  entirely 
into  the  slime  if  the  solution  be  neutral,  because  these  com- 
pounds are  not  conductors  of  electricity.  If,  however,  the 
electrolyte  be  acid,  a  secondary  (purely  solvent)  action  takes 
place,  and  the  arsenic  slowly  dissolves  into  the  bath  in  the  form 
of  arsenious  acid ;  but  this  solution,  of  course,  takes  place  in  a 
less  degree  the  more  often  the  action  of  the  acid  is  stopped  by 
lifting  the  anodes  from  the  vat  and  removing  the  slime  from 
their  surfaces.  The  influence  of  the  arsenic  in  the  anode  copper 
is,  therefore,  to  make  the  bath  poorer  in  respect  of  copper,  but 
richer  in  acid.  The  copper  deposited  from  neutral  arsenical 
solutions  will  contain  arsenic,  but  that  from  acid  solutions  will 
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be  free  from  this  impurity  unless  the  bath  contain  proportionately 
very  little  copper. 

^'AfUimony  goes  partly  into  solution  whether  the  bath  be  acid 
or  neutral,  and  in  part  remains  as  basic  sulphate  at  the  anode, 
whilst  a  portion  of  that  which  dissolves  separates  out  again  on 
long  standing.  The  antimonial  anode-slime  behaves  like  that 
containing  tin,  in  that  it  gains  in  weight  on  exposure  to  the 
air.  Antimony,  therefore,  makes  the  electrolyte  poorer  in 
copper.  The  antimoniates  are  not  decomposed  by  the  current, 
and  therefore  remain  at  first  in  the  slimr-  the/are,  however! 
gradually  attacked  by  the  acid  of  the  l)ath  with  separation  of 
antimonic  acid,  and  so  tend  towards  the  neutralisation  of  the 
electrolyte  ;  but,  of  course,  this  effect  is  the  least  marked  when 
the  slime  is  the  most  often  removed  from  the  bath.  Even  when 
the  solution  is  saturated  with  antimony,  and  basic  salt  is  be- 
coming precipitated  in  the  vats,  the  antimony  is  not  deposited 
at  the  cathode  so  long  as  the  electrolyte  contains  approximately 
the  normal  proportions  of  acid  and  copper ;  at  the  worst,  some 
basic  salt  may  in  such  a  case  mechanically  adhere  to  the  cathode 
in  the  shape  of  a  black  muddy  deposit  containing  copper  and 
antimony.  But  if  the  solution  should  be  nearly  or  quite 
neutral,  antimony  will  come  down  with  the  copper,  and  the 
deposit  will  be  dun-coloured  and  brittle,  and  will  often  be 
characterised  by  long  needle-like  excrescences,  bounded  by 
rectilineal  planes.  So  too,  if  the  electrolyte  contain  too  little 
copper  salt,  even  the  usual  proportion  of  acid  will  not  prevent 
the  antimony  being  precipitated  with  the  copper 

^^Leadf  under  the  action  of  the  current,  is  attacked  even  before 
the  copper,  and  passes  into  the  slime  as  insoluble  sulphate,  only 
traces  going  into  solution,  without  any  tendency  to  deposit  at 
the  cathode.  The  presence  of  lead  in  the  anode,  therefore, 
makes  the  bath  proportionately  poorer  in  copper. 

^^Iron^  ZinCy  Nickely  and  Cobalt  dissolve  under  the  action  of  the 
current  more  readily  than  copper,  and,  therefore,  weaken  the 
solution  in  respect  of  the  latter  metal.  But  besides  this,  when 
small  current  densities  are  employed  (as  they  are  in  copper 
refining)  a  simple  chemical  action  takes  place  between  these 
metals  and  the  free  acids  present,  which  results  in  a  greater 
solution  of  such  metals  at  the  anode  than  is  equivalent  to  the 
copper  deposited  at  the  cathode;  the  bath,  therefore,  loses  in 
free  acid,  but  contains  in  exchange  a  greater  proportion  of 
metallic  salts. 

**Iran  always  forms  a  ferrous  compound  on  dissolving  when  the 
current  density  is  small,  but  this  is  gradually  peroxidised  to  the 
ferric  state  under  the  influence  of  the  air  during  the  circulation 
in  the  vats  ;  and  this  reaction  also  tends  to  a  neutralisation  of 
acid.  Ferric  salts  are  formed  at  the  anode  itself  only  when  a 
high   current  density  of  about   1300   amperes  per  sq.   metre 
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[120  amperes  per  sq.  ft.]  leads  to  a  separation  of  oxygen  and 
free  acid  at  tliat  electrode.  Sulphide  of  iron  at  the  anode  forms 
only  ferric  salts.  £ven  if  all  the  copper  in  the  solution  be 
replaced  by  iron,  excepting  about  2  grms.  per  litre  [^  oz.  per  gall.], 
warty  excrescences  will  still  be  formed. 

**The  mud  or  slime  deposited  at  the  anode  may  contain,  after 
drying,  gold,  platinum,  silver,  silver  sulphide,  cuprous  oxide 
and  sulphide,  basic  sulphates  of  bismuth,  tin  and  antimony, 
antimonic  acid,  arseniate  of  copper,  metallic  arseniates  an,d 
antimoniates,  lead  sulphate,  and  slag  constituents,  in  which  may 
be  iron,  lime,  magnesia,  and  silica ;  and  with  these  there  will  also 
be  a  certain  amount  of  metallic  copper  in  pulverulent  form.  The 
gradual  solution  of  the  anodes  does  not  always  so  take  place 
that  the  innermost  portions  are  only  attacked  when  the  outer 
surfaces  have  been  completely  dissolved ;  on  the  contrary,  it 
happens  much  more  frequently  that  the  solvent  action  penetrates 
far  into  the  interior  of  the  anode  while  there  is  yet  much  copper 
at  the  surface.  Brittle  black  copper  plates,  for  example,  contain- 
ing 96  percent  of  copper,  2*5  mm.  [^^^  in.]  thick,  were  submitted 
to  electrolytic  solution,  and  even  after  ten  days  in  the  bath  they 
had  become  so  soft  throughout  that  they  could  be  rolled  together 
like  cardboard  without  breaking.  Anode  plates  cast  direct  from 
copper  pyrites  always  exhibited  a  marked  bulging  towards  the 
cathode  after  a  few  days  in  the  electrolytic  tanks.  The 
electrolyte  itself  usually  becomes  weaker  in  respect  of  acid  and 
copper,  whilst  taking  up  iron,  zinc,  nickel,  cobalt,  manganese, 
tin,  arsenic,  antimony,  and  bismuth,  and  it  then  shows  a  higher 
total  proportion  of  metallic  salts. 

''The  last-named  disadvantage  is,  however,  to  some  extent, 
compensated  by  a  bye-reaction;  for  it  always  happens,  in  the 
treatment  of  comparatively  pure  samples  of  crude  copper,  that 
the  solution  becomes  gradually  richer  in  copper,  without  sufficient 
evaporation  taking  place  to  account  for  the  phenomenon.  It  is 
a  well-known  fact  that  copper  is  able  to  exert  a  slight  reducing 
influence  on  acid  solutions  of  copper  sulphate  with  the  formation 
of  a  little  cuprous  salt,  which  then,  under  the  action  of  the  air, 
becomes  reconverted  into  cupric  sulphate.  This  peculiarity  was 
studied  by  H.  Roessler,^  and  formed  the  ground  work  of  the 
older  sulphuric  acid  process  of  treating  copper.  This  bye- 
reaction  lead^  to  a  slight  but  continuous  solution  of  copper^ 
which  is  always  the  more  marked  as  the  current  density  is 
reduced,  and  the  circulation  of  liquid  is  made  so  much  more 
rapid,  that  the  solution  is  brought  into  better  contact  with  the 
air.  The  solvent  action  thus  caused  is  most  marked  in  the 
neighbourhood  of  the  upper  surface  of  the  bath,  and  may  be  so 
great  that  a  thin  cathode  plate  projecting  above  the  electrolyte 
will  be  completely  cut  through  at  this  level  in  the  course  of 
*  Dingler's  Pclyttch,  Jotamal,  ccxlii.,  1881,  p.  286. 
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eight  days.  This  bye-reaction  explains  the  fact  that  the  loss  of 
weight  at  the  anode  is  greater,  and  the  gain  at  the  cathode  is 
somewhat  less,  than  they  should  be  respectively  if  they  corre- 
sponded tc^  the  current  strength  employed. 

"  It  is  therefore  very  important  that  the  percentage  of  acid  in  the 
hath  sJumld  he  determined  from  time  to  time^  and  that  any  deficiency 
should  be  made  good.  And  it  is  equally  necessary  that  the 
proportion  of  copper  shall  not  be  allowed  to  fall  too  low. 
The  most  favourable  current-density  is  20  to  30  amperes  per 
sq.  metre  [1*8  to  2-8  per  sq.  ft.,  or  0*013  to  0  019  amp.  per 
sq.  in.]. 

*<  The  gradual  neutralisation  of  the  solution  produced  by  the 
operation  of  the  various  reactions  above  alluded  to,  has  the  most 
detrimental  influence  on  the  whole  course  of  the  electrolysis. 
In  the  first  place,  the  conductivity  of  the  electrolyte  is  greatly 
diminished,  and  the  difference  of  potential  required  between  the 
electrodes,  under  otherwise  normal  conditions  (with  the  elec- 
trodes 5  cm.  [2  in.]  apart),  may  have  to  be  raised  from  0*1  to  0*25 
volt,  solely  on  account  of  this  neutralisation.  Then  the  impurities 
present  in  the  bath  are  liable  to  pass  into  the  cathode  deposit  as 
already  explained,  and  to  make  it  brittle  and  useless.  But 
apart  from  the  introduction  of  impurities,  the  deposit  obtained, 
even  from  a  chemically  pure  solution,  is  exceedingly  unsatisfactory 
if  the  liquid  be  neutral ;  and  it  may  in  fact  be  so  brittle  that  it 
can  be  crushed  to  powder  in  a  mortar.  The  cause  of  this  trouble 
is  the  formation  of  cuprous  oxide.  When  the  current  density  is 
small,  the  current  does  not  decompose  the  copper  sulphate 
completely  into  metallic  copper  and  SO^,  but  it  deposits  a  certain 
proportion  of  cuprous  oxide  as  well,  and  the  amount  of  the  oxide 
diminishes  as  the  current  density  is  increased,  until  at  a  certain 
limitiug  point  pure  copper  is  deposited  alone.  In  acid  solutions 
this  cuprous  oxide  becomes  decomposed  by  a  secondary,  or 
chemical,  action,  whereas  in  neutral  liquids  it  remains  attached 
to  the  cathode. 

"A  good  circulation  of  the  electrolyte  is  also  an  essential  since, 
otherwise,  the  upper  portions  of  the  bath  will  be  more  or  less 
denuded  of  copper,  and  impurities  will  in  consequence  be 
deposited  on  the  corresponding  portions  of  the  cathode.  The 
influence  of  the  circulation  on  the  potential  in  normal  solutions 
cannot  well  be  measured ;  but  the  E.M.F.  required  increases 
markedly  with  any  addition  of  impurities.  This  is  shown  by 
experiments,  the  results  of  which  are  quoted  in  the  following 
table.  In  these,  cathodes  of  pure  copper  were  used,  with  a 
distance  of  5  cm.  [2  in.]  between  the  electrodes,  and  a  current 
of  20  amperes  per  sq.  metre  [1*86  amperes  per  sq.  ft.].  The 
black  copper  anode  used  contained  per  cent. — 96*6  of  copper, 
0*403  of  silver,  0*011  of  gold,  1*23  of  arsenic,  1  of  iron,  and 
0*54  of  sulphur. 
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Table  showing  Effbot  of  Impuritiis  on  the  B.M.F.  rbquiked 

FOR  THE  ELBCTEO-DEPOSITION  OF  COFPER. 


1000  pwta  of  ■olQtion  (by  meamire), 
ooDtalned. 


Weight 

150  parts  copper  sulphate, 
60    „      sulphuric  acid, 


150  parts  copper  sulphate, 


7  "96  parts  copper  sulphate, 
158*2    „      ferrous  sulphate, 
50*0    „      sulphuric  acid, 


7*06  parts  copper  sulphate, 
158*2    „      ferrous  sulphate. 


Anode. 


Pure  copper,  . 
Black  copper, 
Copper  matte. 


B.1LF.  In  Tolts. 


With 

oircnla- 

tionof 

■olution. 


0  095 
0120 
0-400 


WItbont 

drcola- 

tionof 

80lati(ML 


Pure  copper,  . 
Black  copper. 
Copper  matte. 


Pure  copper,  . 
Black  copper. 
Copper  matte, 


0-240 
0-276 
0  532 


0-22 
0-25 
0-50 


Pure  copper,  . 
Black  copper. 
Copper  matte, 


0-30 
0-36 
0-75 


0-095 
0120 
0-400 


0-243 
0-278 
0-535 


0-76 
0'75 
1-00 


1-10 
115 
1-30 


"  The  absence  of  circulation  in  the  solution,  however,  not  only 
necessitates  an  increase  in  E.M.F.,  but  it  exerts  a  most  serious 
influence  upon  the  physical  and  chemical  properties  of  the 
copper  deposit ;  for  this  is  always  purer,  more  finely  crystalline, 
and  more  malleable  in  proportion  as  the  liquid  is  well  stirred, 
even  when  perfectly  pure  solutions  are  used,  and  otherwise 
normal  conditions  observed. 

<'  In  order  to  calculate  the  expenditure  of  energy  necessary  for 
the  treatment  of  a  given  raw  material,  a  laboratory  experiment 
must  be  made  in  which  the  difference  of  potential  between  the 
two  electrodes  is  measured,  when  they  are  separated  by  a  space 
equal  to  that  which  will  divide  them  in  practice,  and  when 
they  are  subjected  to  the  same  current  density  that  has  been 
proved  the  most  favourable  on  the  large  scale.  If,  then,  for 
example,  the  interpolar  £.M.F.  of  the  dynamo  be  15  volts, 
and  that  required  for  each  pair  of  electrodes  be  0-25  volt 
(neglecting  for  the  moment  the  external  resistance  of  the  vat  con- 
nections), it  should  be  possible  to  couple  at  most  (15  4-0*25  =  )  60 
pairs  in  series ;  but  this  number  is  never  attainable  in  practice, 
and  on  an  average  40  baths  so  arranged  would  be  the  more 
probable  practica      If  now  the  dynamo  afforded  a  current  of 
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240  amperes  at  the  above  voltage,  corresponding  to  a  deposit 
of  283'61  grms.  [0*625  lb.]  of  copper  per  hour,  there  would 
then  be  obtained  in  all  the  40  baths  arranged  in  series  a  total 
of  11,344  grms.  [25  lbs.]  of  copper  in  one  hour,  or  272*26  kgs. 
[600  lbs.]  in  24  hours.  The  power  required  to  accomplish  this 
IS  (240  X  15) -H  736  =  4-9  [German]  H.P.  for  the  dynamo  or  about 
6  [German]  H.P.  for  the  steam  engine;  [or  (240  x  15)-!-746  =  4-8 
H.P.  and  5*9  H.P.  respectively,  calculated  according  to  the 
British  unit].  It  should  be  remembered  that  a  plant  of  this 
capacity  will  require  a  superficial  area  of  80  sq.  metres  [860 
sq.  fb.],  and  that  with  the  normal  current  density  of  20  amperes 
per  sq.  metre  [1'86  amperes  per  sq.  ft.]  five  months  will  be 
required  to  produce  a  copper  plate  1  cm.  thick,"  [or  6^  months 
to  deposit  a  plate  ^  in«  in  thickness]. 

Although  a  few  among  the  facts  just  recorded  may  now  be 
explained  somewhat  difierently,  yet  concerning  their  actual 
occurrence  there  is  nothing  to  be  altered;  and  this  work 
remains  of  permanent  value  in  setting  forth  the  theory  and 
practice  of  the  chemical  changes  which  accompany  the 
electrolytic  refining  of  copper. 

The  Siexnens-Halske  Copper  Beflnery  FrooesB. — Mean- 
while progress  has  been  constant  in  the  technical  application 
of  the  process.  Even  about  the  year  1870  there  were  several 
refineries  of  various  capacities  in  (Germany,  and  these  were  soon 
supplemented  by  many  others.  Among  the  first  may  be 
named  the  experimentiJ  installation  at  the  Mansfield  Copper 
Works,  the  larger  plants  at  the  Norddeuiachen  Affinerie^  and 
the  Comiaunion  HuUenwerk  at  Oker.  But  the  merit  of 
having  brought  the  electrolytic  refining  of  copper  to  a  high 
state  of  development  in  Germany  is  especially  due  to  the  firm 
of  Siemens  &  Halske  of  Berlin.  An  account  will,  therefore,  be 
given  of  their  system  first,  for  in  many  of  the  later  plants  the 
characteristics  of  the  Siemens  construction  will  be  recognised 
at  once.  A  general  account  of  the  first  copper  refinery  erected 
by  this  firm  at  Oker,  in  the  Hartz  district,  was  published  in 
1884,  by  Frohlich,^  who  was  the  chief  electrician  to  Messrs. 
Siemens  k  Halske.  He  wrote  as  follows  : — "  There  are  at 
present  six  dynamos  working  at  this  refinery — viz.,  5  machines 
of  the  C  and  one  of  the  C^gtype;  and  each  of  these  is  yielding 
a  deposit  of  250  to  300  kgs.  [5  to  6  cwts.]  of  copper  daily,  with 
an  expenditure  of  7  to  8  H.P.  The  total  annual  outturn  of 
refined  copper  amounts,  therefore,  to  500-600  tons.  The  copper 
of  which  the  anodes  are  cast  has  already  been  subjected  to  a 
process  of  refining  in  a  furnace,  and  contains  only  0'3  to  0*5 
per  cent,  of  impurities;  but  in  spite  of  this  the  electrolytic 
process  is  profitable,  because  the  removal  of  the  last  traces  of 

*  MektraUchnisehe  Zeitsehrift,  1884,  p.  466,  &c. 
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impurities  enhances  the  value  of  the  copper  very  consider- 
ably.* 

At  the  Oker  Works  the  two  systems  of  working — with  a  few 
large,  or  with  many  small,  baths — are  in  operation  side  by  side, 
and  have  proved  themselves  equally  satisfactory,  only  for  the  latter 
system  the  capital  outlay  is  less.  Both  the  crude  and  the  pure 
copper  are  used  in  the  form  of  plates  about  1  metre  long  and 
0'5  metre  wide  [39 1  in.  x  19§  in.],  the  thickness  of  the  former 
jtt  the  beginning  of  the  operation  being  about  15  mm.  [f  in.], 
whilst  that  of  the  latter  when  sent  into  the  market  is  a  little 
less  than  this.  The  machines  C^  are  used  in  connection  with  a 
few  large  baths,  and  deposit  250  to  300  kgs.  [5  to  6  cwts.l  of 
copper  each  per  diem  by  a  current  of  1000  amperes  and  3-5  volts. 
Each  of  these  O^-machines  operates,  as  a  rule,  upon  12  baths 
arranged  in  series,  and  each  of  such  installations  requires  a 
space  of  about  80  sq.  metres  [860  sq.  ft.].  The  Cig-machine  gives 
a  current  of  120  amperes  x  30  volts  (or  in  other  cases  a  current 
of  240  amperes  x  15  volts),  and  is  applied  to  about  80  small 
baths  in  the  Oker  installation.  The  floor  space,  quantity  of  the 
solution,  power,  and  outturn  are  practically  the  same  as  in 
the  installation  with  a  O^-machine.  The  cost  of  the  installa- 
tion is,  however,  different,  and  one  of  the  chief  advantages 
of  the  C^3-plant,  as  compared  with  the  other,  is  that  the  baths 
•can  be  placed  at  a  considerable  distance  from  the  machine, 
which  cannot  bo  the  case  with  Cj." 

Frohlich  further  says  that  in  the  electrolysis  of  such  pure 
raw  materials,  an  electromotive  force  of  0*1  to  0*5  volt  might  be 
used  in  the  baths ;  according  to  the  figures  quoted  above,  the 
Cj-machine,  working  with  an  E.M.F.  of  3*2  volts,  can  be  used 
with  only  12  baths  in  series,  and  the  C^g-machine,  working  at 
30  volts,  must  be  joined  up  to  only  80  baths,  and  from  this  the 
Average  E.M.F  required  per  pair  of  electrodes  may  be  calculated 
as  about  0*3  volt.  This  apparent  contradiction  is  readily 
explained  by  the  work  of  Kilianif  quoted  previously,  and  is 
most  readily  understood  by  a  reference  to  the  table  given  on 
p.  188. 

Iiimitations  to  the  Industrial  Use  of  the  Eleotrolytio 
Seflning  of  Copper. — The  papers  written  both  by  Kiliani  and 
by  Frohlich  indicate  the  great  importance  of  avoiding  the  use 
of  a  needlessly  impure  raw  material,  so  that  the  necessity  may 
not  arise  unduly  often  of  replacing  an  electrolyte  that  has  become 
too  impure  for  further  use,  for  this  is  an  operation  both  costly 
and  troublesome.     At  the  same  time,  by  using  purer  materials, 

*  This  is  no  longer  (1895)  quite  in  accordance  with  the  market  price  of 
electrolytic  copper,  since  the  difference  in  price  between  this  and  ordinary 
furnace-refined  copper  has  become  considerably  less  than  it  was  at  the  time 
the  above  words  were  written. 

t  Berg-  und  HUUenmannisdie  Zeitung,  1885,  p.  249. 
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the  application  of  tbe  curreat  is  limited  more  nearly  to  the 
work  of  transferring  copper  from  anode  to  cathode.  Most 
refineries,  therefore,  electrolyse  only  such  refined  copper  at 
contains  precious  metals.  It  is  likely  to  happen  more  ana  more 
rarely  in  Enrope  that  black  (crude)  copper  will  be  bonglit  with 
A  view  to  refining  it  electrolytically,  either  directly  or  after  a 
previous  furnace  treatment ;  since  even  the  foreign  copperworks, 
from  which  European  refiners  have  been  accustomed  to  obtain 
their  requirements  in  the  shape  of  raw  copper,  have  undertaken 
the  work  of  electrolysis,  and  are  at  present  applying  the  process. 
At  the  present  time,  it  is  only  necessary  to  consider  the  prepara- 
tion of  the  anode  copper  direct  from  the  reverberatory  furnace, 
which  is  still  commonly  used  in  refining,  or  from  tbe  converter. 
Tbe  process  of  electrolysis  will,  therefore,  form  a  sequel  to  the 
preliminary  work  of  which  a  sketch  has  been  given  on  pp.  173 
to  177. 

The  Siemens- Halske  Installation  at  Qoslar. — The  follow- 
ing account,  with  the  snpplementary  illustrations,  describes  a 


Fi;;.  SS. — Section  of  copper-refiaiog  vat,  thowiog  anode  (SiemeDi). 
plant  erected  by  Siemens  &  Halske  in  the  works  of  Borcbers 
Bros.,  at  Ooslar,  together  with  certain  noteworthy  improvements 
ihat  have  been  made  by  the  Messrs.  Borcbera.     The  author 
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■cknowledgea   hia   th&nkg   to  Messrs.   K.  &  H.   Borchers,  the 

proprietors  of  the  works,  for  the  iofonnatioD  that  tbej  have 

snpplied. 

The  old  form  of  anodfl  used  ia  the  original  Siemens  installation 

has  been  retained,  as  shown  at  a  in  Fig.  8S.  In  the  preparation 
of  these  anodes,  iron  moulds  or  frames, 
which  may  easily  be  put  together,  or 
taken  apart,  are  used  (Fig.  89.)  These 
frames  are  laid  upon  an  iron  plate,  and 
the  coppter  having  been  melted,  or  being 
ready  to  tap  from  the  retinery  furnace,  is 
ladled  or  run  out,  either  into  stationary 
moulds  placed  to  receive  it,  or  into  others 
which   are  caused   to   travel   slowly  one 

after  the  other  in  front  of  the  furnace.     The  cathodeB  always 

consist  of  thin  copper  plate,  k  (Fig.  90). 

The  baths  or  depositiiig-oellg  are  wooden  vats  (of  pitch-pine), 

H,  with  a  leaden  lining,  which  is  bent  round  over  the  rims  of 


Fig.  90. — Crou-MtctioD  of  coppet-vat  (Siemens)  ahowing  e>thode. 

the  vats.  On  this  is  laid  the  wooden  frame,  r,  which  is  satur- 
ated with  oil  or  other  suitable  substance  to  prevent  it  from 
absorbing  water,  and  which  serves  to  insulate  tiie  copper  strips, 
4-    and    — ,  used  as  conductors.      Before   the   electrodes  are 
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Buspended  in  place,  the  lead  sipbon  pipe,  x  (Figs.  88  utd  91), 
for  the  withdrawal  of  the  BolutioD,  is  introduced  into  the  vat ; 
thia  is  followed  by  the  wooden  table,  t,  which  rests  on  the 
bottom  and  sapports  a  leaden  tray,  a ;  the  latter  is  turned  up 
at  its  edges,  in  order  that  it  may  collect  the  deposit  of  mud 
which  gradually  separates  from  the  anode. 

The  anodes  hang  directly  from  the  sides  of  the  vat,  but  must 
be  insulated  from  the  —  conductors  by  the  india-rubber  plates, 
*  (Pig.  88).  The  cathodes  are  suspended  by  sheet-copper  hooks 
from  strips   of  wood   above.    One  of  the  copper  strips  bent 


Fig.  Bl, — Longitudinal  section  of  copper  vat  (Siemens). 

below  into  a  hook,  is  made  longer  than  the  other,  so  that  it 
may  be  folded  several  times  around  the  wood,  as  shown  in 
(Figs.  88  and  90),  and  may  ultimately  make  contact  with  the 
—  conductor,  and  be  in  electrical  communication  with  the 
negative  pole  of  tbe  dynamo. 

In  order  to  maintain  the  circulation  of  liquid  that  is  so 
essential  to  tbe  success  of  the  whole  process,  every  bath  is  pro- 
vided with  a  tube,  V  (Figs.  88  and  91),  to  the  lower  side  of 
which  are  attached  at  right  angles,  a  number  of  narrow  tubes, 
BO  that  tbe  whole  arrangement  resembles  a  garden  rake.  Each 
of  these  rakes  is  in  oommunication,  by  means  of  a  rubber  tube, 

13 
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with  a  main  pipe,  running  along  the  sides  of  the  vats,  and 
conveying  the  electrolyte  solution.  The  supply  of  liquid  to  each 
rake  is  controlled  by  a  screw  clamp,  q.  The  solution  is  run 
away  from  beneath  the  slime  tray  through  the  siphon,  x^  into 
the  channel,  z. 

From  Figs.  92,  93,  and  94  shown  on  Plate  II.,  will  be  seen 
both  the  arrangement  of  the  vats  and  the  method  of  circulating 
the  solution.  In  order  not  to  detract  from  the  clearness  of  these 
illustrations  the  electric  connections  of  the  baths  are  omitted, 
but  are  shown  separately  in  Fig.  95  ;  this  figure  scarcely  requires 
further  explanation.  It  will  be  observed  that  the  solution  is 
distributed  to  the  baths  from  the  elevated  reservoir,  B,  and 
returns  through  the  channel,  z,  to  the  receivers,  C  and  D.  If 
all  of  the  liquid  is  to  be  discharged,  or  if  one  of  the  receivers 
should  leak,  the  solution  is  drawn  ofi*  through  a  conduit  beneath 
the  floor  of  the  room  into  the  tank,  E.  By  means  of  the  pump, 
P,  the  circulation  of  the  liquid  can  either  be  renewed  by  trans- 
ferring it  from  C,  D,  or  £  to  the  reservoir,  B,  or,  if  too  impure 
for  further  use,  it  may  be  removed  to  the  regenerating  or  cemen- 
tation plant.  Regeneration  consists  generally  in  evaporation  or 
crystallisation,  if  necessary  with  the  aid  of  chemical  precipita- 


Fig.  96.— Scheme  of  electrical  connections  in  copper  vata  (Siemens). 

tion.  Concerning  the  cementation  process,  metallurgical  hand-: 
books  usually  give  sufficient  information 

The  points  to  which  special  attention  must  be  devoted  during 
the  process  have  been  made  clear  by  the  work  of  Kiliani,  which 
has  already  been  described  in  full.  Reference  has  also  been 
made  to  the  deterioration  of  the  deposit  caused  by  the  diminution 
in  the  proportion  of  copper  in  the  bath,  which  results,  under  the 
conditions  explained,  from  an  accumulation  of  non-precipitable 
metals.  So  also  the  importance  of  maintaining  a  brisk  circulation 
of  the  electrolyte,  of  preserving  a  certain  degree  of  acidity,  and 
of  usin^  a  small  current  density,  were  sufficiently  emphasised  by 
Kiliani. 

Borchers'  ImproYements  in  the  Siemens-Halske  Plant. — 
But  the  means  which,  until  the  last  few  years,  had  been 
commonly  employed  to  fulfil  the  necessary  conditions  and  to 
avoid  the  corresponding  sources  of  failure  were  quite  insufficient. 
The  need  of  completely  renewing  the  solutions  when  using  the 
more  impure  ^or  even  comparatively  good)  sorts  of  copper  recurred 
more  often  tnan  was  to  be  desired  in  a  continuous  process; 
and  those  who  have  experienced  the  trouble  of  working  up  such 
waste  liquors  would  welcome  almost  any  means  by  which  such 
a  labour  might  be  avoided.     Many  suggestions  were,  of  course. 
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made  with  the  object  of  aurmoiintiDg  the  diifionltj,  and  the 
most  natanl  of  these  was  that  a  current  of  air  should  be  forced 
through  the  liqnors  in  the  vats  during  the-  electrolysis,  in 
order  to  peroxidise  the  compounds  of  arsenic,  cobalt,  nickel, 
and  iron  in  the  bath,  and  so  to  induce  their  precipitation  in  the 
vats  as  arseniates.  But  the  proposal  itself  was  simpler  than  the 
method  of  carrying  it  into  effect.  The  direct  introduction  of  a 
blast  of  air  into  the  Bolution  was  satisfactory  only  for  a  short 
time,  because  it  soon  led  to  the  production  of  a  turbid  liquid, 
which  might  almost  without  exaggeration  be  compared  with 
chocolate.     The  hope  thut  tbisi  aii--treatment  would  be  successful 


Fig.  96. — Siemens-Boroheni'  copper  T&ti  (longibidiiul  section). 

was  therefore  doomed  to  disappointment;  and  yet  air  viae  clearly 
the  bi»t  agent  for  the  purification  of  the  liquorg,  if  only  it  could 
be  satisfactorily  applied,  and  the  idea  of  using  itTDMEtundotibtedly 
be  considered  one  of  the  most  important  diteoverite  in  connection 
vjitlt  the  refining  of  copper.  The  merit  of  solving  the  problem 
belongs  to  Messrs.  H.  and  E.  Borchers  of  the  above  mentioned 
firm  of  Borchers  Bros.;  and  this  invention,  it  should  be  observed, 
is  not  patented.  The  method  of  carrying  it  into  effect  will  be 
first  described,  and  the  advantages  which  it  has  entailed  will  be 
discussed  afterwards.  A  bath  fitted  with  Borchers'  apparatua 
ia  shown  in  Figs,  96  and  97.    On  comparing  these  with  the 
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previous  fignres,  it  vill  be  seen  that  there  has  been  practically 
no  change  in  the  arrangement  of  the  electrodes.  But  there  has 
been  added  a  wide  leaden  pipe,  b,  which  passes  downwards^from 
the  upper  Burfoce  of  the  liquid  to  the  verj  centre  of  the  space 
beneath  the  mad-depositing  tray,  * ;  and  within  this  pipe  is  a 
glass  tube,  n,  drawn  out  to  a  tine  jet  at  its  lower  extremity. 
The  glass  tube  is  passed  through  a  stopper  in  the  leaden  cap,  d, 
bj  which  the  tube,  h,  is  surmounted,  and  is  so  arranged  that  it 


Fig.  97- — Sieineiii.BoTcherB'  copper  vati  (croo-MctioD). 

maj  easily  be  raised  or  lowered  in  position.  A  current  of  air  is 
continuously  forced  through  the  gloss  tube  into  the  column  of 
liquid  in  the  pipe,  b,  with  the  result  that  the  air,  dividing  itself 
into  small  bubbles  as  it  rises  to  the  surface,  lowers  the  specific 
gravity  of  the  contents  of  the  tube,  b,  and  causes  a  portion  of 
the  liqnid  to  overflow  into  the  vat,  where  it  mixes  with  the 
bulk  of  the  electrolyte.  Meanwhile,  solution  from  the  lowest 
level  of  the  bath  is  constantly  entering  at  the  bottom  of  the 
tube,  6.     Ibe  aeration  of  the  electrolyte  is  thus  e£Eected  very 


COPPEB.  197 

quietly  and  uniformly,  whilst  at  the  same  time  the  method  of 
applying  the  air  affords  the  most  practical  and  economical  means 
of  circulating  the  liquid.  The  process  would  therefore  commend 
itself  to  the  notice  of  the  re&ner  on  the  latter  ground  alone, 
ev^en  if  we  disregard  the  advantages  to  be  derived  from  the 
chemical  action  of  the  air,  which,  however,  must  not  be  under- 
rated.* 

A  glance  at  Figs.  96  and  97,  suffices  to  show  that  a  very 
inconvenient  portion  of  the  older  apparatus — the  ''rake"  for 
distributing  the  solution — ^has  been  dispensed  with,  and  that 
the  side  channels  for  the  conveyance  of  the  liquid  have  also 
disappeared.  These  two  attachments  of  the  original  installation 
had  rendered  cleanliness  in  working  the  process  impossible, 
owing  to  the  constant  and  unavoidable  splashing  of  the  solution ; 
while  at  the  same  time  they  prevented  ready  access  to  the 
electrodes,  and  were,  in  fact,  the  chief  sources  of  trouble  in  the 
whole  installation  on  account  of  the  constant  supervision  that 
they  demanded. 

Details  of  the  Siemens-Borohers'  Installation. — In  the 
plant,  as  at  present  used,  both  the  filling  and  discharging  of  the 
baths  are  effected  by  a  single  pipe,  R  (Fig.  96,  and  Plate  III., 
Figs.  98,  99,  100),  the  former  being  done  once  for  all  at  the 
beginning  of  a  refining  operation,  and  the  latter  being  necessary 
only  when  the  impure  liquors  have  to  be  run  off  at  the  end,  or 
as  required.  This  is  in  striking  contrast  to  the  older  system, 
which  necessitated  a  constant  circulation  of  the  electrolyte 
through  the  whole  series  of  vats.  Every  individual  vat  is  con- 
nected with  the  main  pipe,  H,  by  means  of  a  siphon,  N,  attached 
to  it  by  a  rubber  tube,  S.  During  the  working  of  the  process 
this  tube,  S,  is  closed  by  a  screw  clamp,  so  that  there  may  be  no 
electrical  communication  between  the  baths. 

Plate  III.,  like  the  previous  plate,  is  concerned  mainly  with 
the  method  of  circulating  the  solution,  and  with  the  general 
arrangement  of  the  electrolytic  plant,  the  details  of  bath  con- 
struction having  been  shown  on  a  larger  scale  in  Figs.  96  and  97. 
In  the  new  installation  a  compressed  air-chamber,  D,  effects  the 
conveyance  of  the  bath-liquor.  In  starting  work  the  electrolyte, 
placed  originally  in  A,  is  allowed  to  run  into  the  pressure  vessel, 
D,  whence  it  is  forced  into  the  distributing  vat,  V,  so  that  it  may 
flow  to  the  vats  through  the  pipes,  R,  and  the  siphons,  N.  The 
liquid  may  be  discharged  from  any  given  vat  during  the  electro- 
lysis by  drawing  it  into  the  pressure  chamber,  D,  through  the 

*  [Aocordioj^  to  the  Ehugineering  and  Mining  Journal,  1896,  vol.  Ixii., 
p.  603,  it  is  ^uad  desirable,  in  practice,  to  assist  the  circulation  of  the 
electrolyte  for  two  to  three  hours  in  the  course  of  a  day,  by  causing  a  seneral 
circulation  from  vat  to  vat,  in  addition  to  the  air-mixing  accomplished  by 
Borchers'  device.  The  same  authority  disputes  the  statement  that  arsenic 
is  precipitated  (see  p.  193)  and  eliminated  in  this  process. — Translator.] 
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siphons,  N,  and  the  mains,  E,  so  that  it  may  be  treated  either 
for  the  reooYerj  of  its  salts  or  by  cementation  or  regeneration. 
Any  solution  which  may  escape  in  consequence  of  leakages  in  the 
vessels  or  conveying  pipes,  or  through  irregularities  in  the 
working  of  the  vats,  is  conducted  through  the  drains,  G  (placed 
beneath  the  flooring),  into  the  tank,  B,  whence  it  may  be  con- 
ducted to  the  pressure  chamber  for  re-distribution.  The  vats, 
C,  for  the  washing  of  the  anode  slimes  have  also  found  a  place  in 
this  room  under  the  present  arrangement. 

Among  the  other  advantages  of  this  process  one  of  the  most 
remarkable  is  the  comparatively  lasting  purity  of  the  electrolyte 
solutions.  The  behaviour  in  the  tanks  of  the  iron,  arsenic, 
and  other  substances  originally  present  in  the  anodes  was 
explained  by  Kiliani.  By  the  introduction  of  the  air  these  two 
materials  are  precipitated  together  in  the  form  of  ferric  arseniate, 
even  in  acid  solutions ;  and  this  result  is  obtained  so  quietly 
that  the  liquors  remain  perfectly  clear;  this  freedom  from  turbidity 
is  an  advantage  that  cannot  well  be  over-estimated,  when  search 
has  to  be  made  for  the  faults  in  electrical  conductivity  that  some- 
times occur.  Bismuth  and  antimony  com]>ounds  are  also  preci- 
pitated if  the  acidity  of  the  bath  be  diminished,  and  then  in  part 
remain  undissolved  in  the  slime  that  is  deposited.  It  is  evident 
from  the  above  that  the  new  modifications  of  the  process  must 
reduce  the  frequency  of  rnnniug  off,  and  regenerating,  or  otherwise 
working  up,  the  vat  liquors ;  and  in  the  absence  of  antimony  and 
bismuth  from  the  anode  copper  these  troublesome  operations 
may  almost  be  dispensed  with.  Siemens  and  HaUke  recommend 
that  the  solutions  should  be  warmed,  the  conditions  being  then 
more  favourable  to  the  precipitation  of  antimony  and  bismuth 
compounds. 

Puriflcation  of  Old  Iiiquors  from  Bismuth  and  Anti- 
mony.— If,  in  course  of  long  use,  the  electrolyte  should  become 
saturated  with  compounds  of  these  two  metals,  it  must  be  run 
out  of  the  vats  into  a  specially  prepared  tank,  and  be  there 
warmed,  treated  with  air  forced  through  it  by  means  of  a  steam 
injector,  neutralised  with  copper  oxide  or  other  suitable  basic 
copper  compound  that  may  be  at  hand,  and  filtered.  After 
reserving  a  portion  of  the  solution  so  obtained  for  working  up 
into  copper  sulphate,  the  remainder  is  returned  for  use  in  the 
refinery,  after  adding  sufficient  sulphuric  acid,  and  bringing  it  to 
the  normal  strength,  for  the  work. 

Breduction  in  the  Cost  of  Electrolytio  Befining. — 
Finally,  a  by  no  means  unimportant  gain  in  using  the  new 
process,  is  to  be  found  in  the  fact  that  the  current  density  may 
be  increased  from  30  to  100  amperes  per  sq.  metre  [9-3  amperes 
per  sq.  ft.]  without  detriment  to  the  texture  or  surface  of  the 
deposited  copper.  The  full  meaning  of  this  advantage  will  be 
appreciated  i^ter  a  perusal  of  the  following  translation  of  a 
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private  oommunication  from  the  firm  of  Siemens  k  Halske  to 
the  author : — 

*'  The  possihility  of  considerably  increasing  the  current  density 
has  the  great  advantage  that,  for  the  same  outturn  of  refined 
copper,  the  floor  space  occupied  by  the  baths,  and  the  quantity 
of  copper,  silver,  and  solution  locked  up  in  the  vats,  will  be 
reduced  to  about  one-third,  and  the  item  of  wages  will  be  con- 
siderably lower.  On  the  other  hand,  the  power  required  will  be 
greater ;  in  spite  of  that,  however,  there  will  be  a  considerable 
nett  saving  in  the  working  cost.  In  the  following  table  the 
estimated  cost  of  working  at  30  amperes  and  100  amperes  per 
sq.  metre  are  placed  side  by  side  for  comparison,  the  calculation 
being  based  upon  the  ordinary  conditioDS  of  work  in  Germany. 
Where  other  conditions  prevail,  the  necessary  alteration  in  the 
figures  may  readily  be  made;  but  in  any  case  the  difference 
between  the  costs  of  working  by  the  old  and  new  processes  will 
remain  very  much  the  same  as  is  here  indicated : — 

COMPARATIVE  WORKING  COST  WH^H  HIGH  AND  LOW 

CURRENT   DENSITY. 


Daily  working  cost  for  an  output  of  1  ton  of 
refined  copper  per  diem. 

Former  current 

density  SO 
amps,  per  sq.  m. 

Present  current 

density  lUO 
amps,  persq.  m. 

Cost  of  power  (1  H.  P.  hour  =  5  pf. ), 

Wages, 

Interest  on  copper  locked  up  (5  7o)» 
Amortisation  of  the  electric  plant  (107o)f 
Cost  of  heating  the  baths,  250  kgs.  [5  cwts.] 
coal,     ....... 

Cost  of  regenerating  the  electrolyte. 

M.17 
30 

J  5  60 
8-30 

4 

M.30 
15 

4-80 
4-15 

5 

•  •  • 

74-90 

58*95 

"  From  this  table  it  is  evident  that  the  actual  cost  of  refining 
has  been  reduced  by  about  20  per  cent,  through  the  introduc- 
tion of  the  new  process ;  and  since  the  interest,  both  on  the 
capital  sunk  in  buildings  and  site,  and  on  the  silver  in  the  anode 
copper,  will  also  be  reduced,  the  actual  comparison  is  even  more 
in  favour  of  the  application  of  high  current  density  than  would 
appear  from  the  above  table. 

*'In  order  to  introduce  the  improved  process  into  existing 
works,  either  the  present  baths,  after  the  necessary  alterations 
have  been  made  in  them,  may  be  used  to  produce  a  higher 
output  of  copper  by  increasing  the  power  of  the  engine  and 
dynamos ;  or  the  same  power  may  be  employed  with  a  smaller 
electrolysing  plant  and  a  somewhat  diminished  outturn,  but 
with  a  higher  efficiency ;  in  the  latter  case,  about  three-quarters 
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of  the  area  originally  occupied  by  the  baths  will  be  set  free,  and 
so  rendered  available  for  other  purposes.  Generally,  however, 
the  former  alternative  will  prove  more  advantageous." 

The  method  of  work  and  the  construction  of  the  apparatus 
above  described  undoubtedly  possess  all  the  advantages  which 
may  reasonably  be  expected  from  a  well-planned  electrolytic 
installation — namely,  simplicity  of  arrangement,  convenience  of 
access,  and  control  in  all  parts,  cleanliness  in  operation,  and 
exclusion  as  far  as  possible  of  all  intermediate  work  of  a  disturb- 
ing character.  It  might  have  sufficed  to  limit  the  account  of 
copper  refining  to  that  already  given,  and  to  recommend  the 
system  of  Siemens-Borchers  for  universal  application,  but  within 
the  last  few  years  certain  other  processes  have  been  most  highly 
spoken  of  in  prominent  metallurgical  journals.  They  are,  how- 
ever, more  or  less  deficient  in  originality  and  in  the  advantages 
above  referred  to,  and  a  few  of  them  only  will  therefore  be 
described  in  brief. 

[Before  proceeding  to  the  consideration  of  these  processes, 
however,  it  may  be  worth  noting  that  in  American  practice  a 
much  higher  current  density  is  used  than  that  employed  in 
Europe :  it  is  rarely  much  lower  than  10  amperes  per  sq.  ft., 
and,  in  some  cases,  is  nearly  double  that  amount.  In  conse- 
quence of  this  the  turnover  is  greater,  and  the  cost  of  refining  is 
correspondingly  reduced,  inasmuch  as  the  fixed  charges  are  dis- 
tributed over  a  much  higher  tonnage  of  refined  material,  and  the 
interest  on  capital  locked  up  in  the  copper  in  the  vats  is  also 
diminished.  The  whole  process  is  worked  at  a  lower  cost,  and 
this  helps  to  compensate  for  the  higher  charge  for  wages.  Thus, 
although  the  average  wage  at  the  Anaconda  Works  (see  p.  202) 
is  about  $3  per  diem,  the  cost  of  refining  (including  that  of 
treating  the  silver  mud)  is  only  $14  (£2,  18s.)  per  ton,  whilst  at 
Perth  Amboy  (New  Jersey)  it  is  stated  (exclusive  of  office 
expenses)  to  be  $9  (£1, 17s.)  per  ton,  as  against  59  marks  (£2, 19s.) 
per  ton  in  the  table  given  on  p.  199.  The  charge  for  labour  at 
Perth  Amboy  is  less  than  half  that  at  the  Anaconda  Works,  but 
it  is  still  nearly  double  that  in  Germany.  Hence  the  gain  in 
applying  the  highest  current  density  that  can  be  safely  used, 
without  endangering  the  quality  of  the  deposited  copper,  is 
emphasised  as  strongly  as  by  the  figures  quoted  in  the  above 
table  (loc.  cit.), — Translator.] 

Sohneider  and  Szontagh  System. — A  system  of  air  cir- 
cu  ation,  similar  to  that  of  Borchers,  has  been  patented  in  the 
United  States  by  Schneider  and  Szoutagh.*  The  method  of 
introducing  the  air  into  a  vertical  pipe  communicating  with  the 
electrolyte  tank  above  and  below  is  practically  the  same ;  but, 
instead  of  taking  ofi"  the  liquid  from  beneath  the  centre  of  a  tray, 
it  draws  it  through  perforations  in  a  horizontal  pipe  running 

*  [U.S.  A.  Patent  563,093,  June  30,  1898.] 
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along  the  whole  length  of  the  vat  at  one  of  the  bottom  angles, 
whilst  the  solution  overflowing  from  the  upright  air-pipe  passes 
through  a  second  horizontal  pipe,  which  is  placed  along  the  top 
of  the  Tat  on  the  opposite  side.  From  this  pipe  it  i&  delivered 
into  the  tank  through  perforations  pierced  between  each  pair  of 
electrodes,  and  increasing  in  diameter  as  they  are  &rther 
removed  from  the  vertical  pipe,  in  order  to  secure  a  greater 
uniformity  of  flow.  The  system  is  in  use  in  the  large  refinery  of 
Messrs.  Guggenheim  at  Perth  Amboy,  New  Jersey. — Trans- 
lator.] 

The  Thofehm  ProoeBS. — ^According  to  the  account  of  this 
process  published  by  Hering,'^  it  may  be  distinguished  from  all 
others  by  the  use  of  very  large  bcUha,  for  which  either  wood  lined 
with  lead  or  concrete  painted  with  tar  may  be  employed.  The 
baths  have  a  width  of  about  2  metres,  a  length  of  3  metres,  and 
a  depth  of  about  1-5  metres  [6^  ft.  x  10  fb.  x  5  ft.].  The  form 
of  the  anodes  is  the  same  as  that  adopted  in  the  Moebius  appar- 
atus for  treating  silver,!  and  the  method  of  suspending  them  in 
the  bath  is  also  the  same — viz.,  by  hanging  several  small  plates 
from  a  metal  bar.     In  Thofehm's  baths  each  anode  rod  carries 


Fig.  101. — The  electrical  connections  of  Thofehm's  apparatus* 

three  plates  0*6  metre  long  by  0*6  metre  wide  by  0*02  metre 
thick  [2  fb.  X  2  ft.  x  |  in.].  The  cathode  consists  of  copper 
plates,  of  which  six  are  hung  on  every  rail,  each  one  being  0*6 
metre  long  by  0*2  metre  wide  by  0*0002  metre  thick  [2  fb.  x  8  in. 
X  0*008  in.].  A  diagrammatic  sketch  of  the  position  of  the 
i^nductors  used  in  conveying  the  current  to  the  supporting  rods 
for  the  electrodes  is  given  in  Fig.  101.  It  will  be  recognised  at 
once  as  an  old  arrangement  which  was  described  in  metallurgical 
text-books  |  loog  before  any  account  of  Thofehm's  process  waa 
published.  As  an  elt^ctrolyte  for  black  copper  anodes  with  a 
current  density  of  30  amperes  per  sq.  metre  [2*8  amperes  per  sq. 
ft.1  he  recommends  an  aqueous  solution  of  15  per  cent,  of  copper 
sulphate  and  5  per  cent,  of  sulphuric  acid ;  or  with  50  amperes 
per  sq.  metre  [4-6  amperes  per  sq.  fb.],  one  of  20  per  cent,  of 
copper  sulphate  and  5*5  per  cent,  of  sulphuric  acid ;  whilst  for 
bessemerised  copper  and  a  current  of  60  amperes  per  sq.  metre 

*  Hering,  Berg-  und  HUltenmdnnische  ZeUungf  1S93,  voL  lii«,  p.  53 ; 
from  Revue  Industrielle,  1892,  p.  124. 
t  See  Chapter  on  Silver. 
t  C.  Schnabel,  Handbuch  der  MeUMhiUUnkundet  vol.  i.,  1894. 
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[5*6  amperes  per  sq.  ft.]  he  prefers  a  bath  containing  25  per  cent, 
of  the  copper  salt  and  6  per  cent,  of  the  acid.  The  circulation  of 
the  solution  from  bath  to  bath  is  effected  with  the  aid  of  siphons, 
which,  however,  afford  no  security  for  the  uniform  circulation  of 
the  electrolyte  through  the  large  baths  themselves.  The  author, 
therefore,  considers  it  unnecessary  to  enter  into  a  discussion  of 
the  full  details  of  the  Thofehrn  system.  All  the  details  of  the 
process  and  apparatus  have  been  employed  by  other  inventors, 
and  some  have  been  given  up  again  as  unpractica].  Those  whose 
attention  may  have  been  directed  to  this  process  by  the  accounts 
published  in  the  technical  journals,  and  who  are  sufficiently 
interested  in  the  matter,  will  find  full  particulars  given  by 
Hering  (loc,  cit.).  The  chief  recommendatory  feature  described 
in  the  account  of  the  Thofehrn  plant  is  the  method  of  suspend- 
ing the  anodes,  and  this  idea  was  borrowed  from  Moebius,  as 
noted  above.     [But  see  next  paragraph]. 

[The  Anaconda  Copper  Company's  Installation  under 
the  Thofehrn  System. — ^The  Anaconda  Copper  Company  who, 
a  few  years  since,  used  the  Hay  den  series  process  (see  p.  209), 
have  recently  completed  an  installation  of  the  Thofehrn  system, 
capable  of  producing  150  tons  of  refined  copper  per  diem.  A 
description  of  this  colossal  plant  was  published  in  1896,*  and  is 
especially  interesting  as  an  account  of  the  arrangements  success- 
fully adopted  for  work  on  an  unusually  large  scale  in  a  district 
in  which  both  fuel  and  labour  are  costly. 

The  current  is  generated  by  four  270  kilowatt  Westinghouse 
generators,  directly  coupled  to  two  triple-expansion  engines  of 
900  H.P.  each,  together  with  one  of  the  same  type  and  size, 
belt-driven  from  a  double  Corliss  engine  of  about  800  H.P.  In 
addition  to  these,  a  220  K.W.  generator  is  held  in  reserve,  to  be 
belt-driven  from  a  400  H.P.  Westinghouse  compound  engine, 
and  to  be  switched  on  to  any  of  the  circuits  in  the  refinery  at 
will,  in  case  of  a  breakdown.  The  boiler  capacity  is  said  to  be 
62,200  lbs.  of  water  evaporated  per  hour,  of  which  the  two 
triple- expansion  engines  use  23,160  lbs.  (equivalent  to  1544  H.P. 
at  15  Ibn.  per  H.P.  per  hour)  in  generating  1080  kilowatts  of 
electricity,  while  the  Corliss  engine  requires  22,500  lbs.  of  water 
per  hour  (750  H.P.  at  30  lbs.  per  H.P.  per  hour— but  50  H.P. 
of  this  is  lost  in  the  belt-transmission  of  power)  to  produce  490 
kilowatts.  Besides  this,  however,  1500  lbs.  of  steam  (50  H.P.) 
are  used  hourly  in  running  the  electric  lighting  and  power 
plant,  and  900  lbs.  (30  H.P.)  in  working  the  acid  pumps,  whilst 
finally  1500  lbs.  are  required  for  heating,  and  a  like  amount  for 
the  condensers  of  the  engines.  This  expense  of  power  is  sufficient 
for  the  production  of  150  tons  of  co])per  per  day  of  24  hours. 
It  is  considered  that  the  total  power  required  to  refine  the 
copper  by  this  plant,  including  the  cost  of  handling  (by  electrical 
*  Engineering  and  Mining  JoumcUf  1896,  vol.  Ixii.,  p.  271. 
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plant),  making  the  cathodes,  operating  the  silver- mill,  and 
lighting  the  whole  installation,  amounts  to  17^  H.P.  hours  per 
ton. 

The  vats  are  systematically  arranged  in  two  large  buildings 
of  corrugated  iron,  supported  upon  wooden  framework,  each 
building  covering  an  area  of  6500  sq.  yds.,  and  containing  600 
electrolytic  tanks.  Every  tank  is  8  ft.  3  in.  long  by  4  ft.  7  in. 
wide,  by  3  ft.  3  in.  deep.  They  are  made  by  constructing  a 
wooden  frame  in  the  shape  of  a  regular  girder,  and  lining  it 
with  common  planks,  and  dividing  it  up  by  wooden  partitions 
into  ten  tanks  of  the  above  size.  The  joints  of  the  wood  are 
well  caulked  with  an  insulating  material,  and  each  tank  is  lined 
with  lead,  care  being  taken  that  the  lining  shall  be  protected 
from  contact  with  the  copper  electrodes,  which  would  cause  a 
galvanic  action,  the  lead  being  the  metal  attacked.  These 
groups  of  tanks  are  so  built  that  they  are  exposed  to  the  air 
on  all  sides,  and  access  may  readily  be  had  to  all  parts,  including 
the  bottom.  Copper  rods,  connected  with  the  positive  and 
negative  leads  from  the  dynamo,  run  at  two  different  levels 
along  the  top  rim  of  the  vats,  and  on  these  are  supported 
respectively  two  sets  of  iron  bars,  which  rest  transversely 
across  the  bath,  and  carry  the  electrodes  by  means  of 
stout  copper  hooks.  The  actual  number,  size,  and  disposition 
of  the  electrodes  are  not  stated,  but  from  the  illustrations 
given  it  would  appear  that  to  every  vat  there  are  16 
cathode  rods,  and  15  anode  rods,  each  supporting  two  or  more 
strip-electrodes.  There  are  thus  10  vats  placed  end  to  end  in  a 
row,  and  there  are  ten  rows  placed  parallel  to  one  another 
with  gangways  between ;  the  100  vats  form  a  set  or  block  at 
one  end  of  the  room,  whilst  a  similar  set  is  arranged  in  the 
other  half  of  the  floor ;  so  that  in  one  '*  hall "  there  is  a  complete 
system  of  200  vats;  this  system  is  operated  quite  independently 
of  the  other  sets  which  are  placed  in  different  halls.  The  elec- 
trodes in  each  individual  tank  are  placed  parallel  to  one  another, 
but  the  200  tanks  that  form  one  system  are  coupled  in  series ; 
in  effecting  this  the  copper  conducting  rod  along  the  margin  of 
the  first  vat  is  extended  along  the  rim  of  the  second  tank,  but 
has  a  bayonet  bend  between  the  two,  so  that  it  forms  the  anode 
rod  of  the  second  tank  at  a  different  level ;  similarly  the  cathode 
rod  of  this  latter  vessel  is  bent  and  extended  to  form  the  anode 
connection  for  the  third  tank,  and  so  forth.  The  necessity  for 
the  use  of  binding  screws  is  thus  dispensed  with,  and  no  trouble 
is  experienced  from  bad  electrical  contacts  caused  by  the  corrosion 
of  connecting  clamps.  The  rows  are  built  on  an  inclined  plane, 
and  the  circulation  of  the  electrolyte  from  vat  to  vat  in  each 
row  is  ensured  by  gravity,  the  liquid  from  the  last  tank  being 
taken  to  a  collector,  whence  (after  undergoing  a  partial  purifying 
process  not  described)  it  is  re- distributed  by  acid  pumps,  worked 
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by  air-pressure.  Electric  overhead  trayelling-craDes  command 
the  whole  of  the  floor,  and  may  be  brought  into  operation  in 
connection  with  any  tank  at  will.  Electric  tramways  of  20  in. 
gauge  are  brought  on  to  the  working  floor  of  each  hall,  and 
other  similar  tramways  run  beneath  the  tanks.  Fig.  101a 
shows  a  general  view  of  one  of  the  electrolytic  tank  rooms  at  the 
Anaconda  works. 

In  practice,  the  blister  copper,  containing  generally  about 
98  per  cent,  of  copper,  together  with  arsenic,  antimony,  iron, 
lead,  tellurium,  selenium,  and  about  110  oz.  of  silver  and  ^  oz. 
of  gold  per  ton,  is  cast  into  the  form  of  anodes.  The  anodes 
are  conveyed  in  the  electric  tramway  to  the  depositing  rooms ; 
here  they  are  arranged  in  a  frame  and  conveyed  by  the  electric 
crane  to  the  vat  for  which  they  are  intended.  Meanwhile,  this 
tank  will  have  been  cut  out  of  the  electric  circuit,  and  out  of  the 
flow  of  the  liquid,  both  the  current  and  the  circulation 
being  continued  without  interruption  through  the  remaining 
tanks) ;  the  cathodes,  with  their  charge  of  electrolyte  copper 
and  the  remnants  of  the  anodes,  will  have  been  lifted 
out  by  the  crane  and  carried  to  the  tramway ;  and  the  slimes^ 
or  "silver  mud,''  will  have  been  washed  out  into  lead- 
lined  cars  beneath  the  tanks,  to  be  transported  to  the  silver 
refinery.  The  vats  are  then  refilled  with  solution;  the  crane 
brings  up  first  the  frame  of  anodes,  which  are  lowered  into  the 
exact  position  required,  and  then  a  similar  frame  of  cathodes, 
which  are  treated  in  the  same  way ;  and  finally  the  tank  is 
included  in  the  electric  circuit.  The  whole  operation  of  dis- 
charging and  re-charging  one  tank  should  occupy  scarcely  more 
than  one  hour. 

The  system  of  checking  the  progress  of  the  work  is  especially 
worthy  of  mention.  Each  series  of  five  tanks  is  connected  up 
to  a  kind  of  dynamo  commutator,  in  such  a  way  that  the  opposite 
]>oles  of  the  same  series  of  five  vats  are  joined  up  to  radial 
copper  plates  at  the  opposite  ends  of  one  diameter  of  the  com- 
mutator. These  plates  are  all  insulated  from  one  another. 
A  yoke-piece  with  two  brushes,  diametrically  opposite,  is  re- 
volved around  the  commutator  once  an  hour ;  and  the  brushes 
are  connected  to  an  automatically-registering  voltmeter,  so  that 
each  series  of  5  vats  is  individually  connected  up  to  the  latter 
instrument,  and  the  slope  of  potential  between  the  terminals  of 
each  of  these  series  is  therefore  registered  serially  once  every  hour. 
The  manager  is  thus  able  to  detect  and  to  locate  precisely  any 
irregularities  that  may  be  taking  place. 

There  are  120  men  employed  in  the  works,  including  the 
foreman,  assay ers,  and  clerks.  In  the  depositing  houses  there 
are  75  men,  of  whom  50  are  engaged  in  the  older  building,  whilst 
only  25  are  required  for  the  same  outturn  of  copper,  in  the  new 
building,  owing  to  the  perfection  of  the  labour-saving  appliances 
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used.  The  average  wage  is  $3  per  man  per  diem,  and  the  cost 
of  fuel  is  $5.50  per  ton ;  but  the  latter  will  shortly  be  reduced 
to  $2  per  ton.  About  100  tons  of  copper  are  at  present  being 
treated  per  diem,  half  in  each  building;  and  the  cost  of  refining, 
including  that  of  treating  the  silver  mud  by  chemical  processes, 
amounts  to  $14  (£2,  18s.)  per  ton  of  refiued  metal. 

Neither  the  current  density  employed,  nor  the  E.M.F.  required 
for  each  pair  of  electrodes  is  given ;  all  that  is  stated  on  this 
subject  is  that  in  Thofehm's  refineries  the  current  density 
generally  used  is  10  to  20  amperes  per  sq.  fb.  The  copper 
produced  is  melted  into  ingots  or  wire  bars  at  the  cost  of  about 
$4  per  ton ;  and  this  metal,  in  the  form  of  hard  drawn  wire, 
containing,  as  it  must  at  least,  a  trace  of  cuprous  oxide,  is  found 
to  have  an  electrical  conductivity  of  98  (Matthiessen's  standard), 
and  a  tensile  strength  of  64,000  to  65,000  lbs.  per  sq.  in.  ;  the 
number  of  twists  obtainable  in  6  in.  of  No.  12  wire  is  80; 
elongation,  1^  per  cent. — Translator]. 

Thofehm's  New  ProcesB. — The  same  number  of  the  Engineer^ 
ing  and  Mining  Journal  (loc,  cit,)  describes  a  new  process  in 
which  the  copper  is  deposited  upon  a  long  hollow  cylindrical 
cathode  8  ft.  long  and  3  fb.  in  diameter,  which  is  immersed  in  the 
electrolyte,  and  is  revolved  at  a  low  speed,  whilst  the  copper  is 
deposited  upon  it  with  a  current  density  of  50  to  100  amperes 
per  sq.  ft.  During  the  time  of  dejiositing,  numerous  jets  of  the 
electrolyte  solution  are  caused  to  play  under  pressure  upon  the 
surface  of  the  cylinder.*  It  is  stated  that  the  crystals  of  copper 
are  deposited  in  the  form  of  microscopic  octagonal  hair-like 
filaments,  which  become  felted  and  compressed  by  the  jets  of 
liquid ;  and  that  the  cylinders  of  copper  when  they  have  been 
deposited  an  inch  thick  and  have  been  detached  from  the  cathode 
cylinders  may  be  rolled  direct.  It  is  said  that  the  wires  are 
over  15  per  cent,  stronger  than  those  prepared  by  the  old 
electrolytic  refining  process  followed  by  fusion;  and  that  the 
expense  of  such  an  electric  refining  of  the  metal  to  produce 

*  [A  Bimilar  device  has  heen  adopted  b^  Graham  (English  patent  986, 
Jan.  14,  1896.  According  to  his  ipecification,  a  nearly  saturated  solution 
of  copper  sulphate,  oont&ining  5  ozs.  of  strong  sulphuric  acid  per  cb.  ft.  of 
water  is  used  as  electrolyte,  and  is  stored  in  reservoirs  placed  at  a  height 
of  from  1  to  2  ft.  above  the  electrolytic  tanks,  thence  it  is  conveyed  to 
I -in.  jets  that  deliver  it  in  a  stream  upon  the  surface  of  the  cathodes,  which 
are  placed  at  a  distance  of  1^  in.  from  the  orifices  of  the  jets.  It  is  stated 
that  a  current  of  300  amperes  per  sq.  ft.  may  be  employed  with  safety  at  all 
points  within  the  sphere  of  influence  of  the  jets ;  beyond  this  area,  it  is  obvious 
that  the  deposit  would  be  pulverulent  and  useless.  The  radius  of  the  pro- 
tected area  is  found  to  be  o  ins.,  and  the  number  and  disposition  of  jets 
employed  must  be  arranged  accordingly.  The  anode  should  have  a  surface 
area  eight  or  nine  times  greater  than  that  of  the  cathode,  and  its  shape 
should  preferably  be  that  of  a  corrugated  spiral  or  of  a  grid,  through  which 
the  electrolyte  streams  are  directed  upon  the  cathodes.  The  edges  of  the 
latter  are  protected  by  an  insulating  material.— Translator.] 
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the  bars  required  for  the  rolling  or  wire-drawing  mill  is  $16 
(£3,  Gs,)  per  ton. 

One  distinct  advantage  in  the  use  of  these  jets  is  obviously  to 
be  found  in  the  certainty  that  the  electrolyte  at  the  surface  of 
the  cathode  is  constantly  and  thoroughly  renewed,  so  that  a  very 
much  greater  current  density  may  be  employed  than  would 
otherwise  be  possibla  No  details  whatever  are  given  concern- 
ing the  process,  and  it  is  therefore  premature  to  criticise  it.  It 
may  be  noted  that  the  same  paper  states  that  white  metal  anodes 
with  75  to  80  per  cent,  of  copper  have  been  employed  in  this 
process  with  success,  but  no  hint  is  given  as  to  the  manner  in 
which  difficulties  that  have  baffled  the  attempts  of  previous 
inventors  have  been  obviated. — Translator.] 

Modifled  System  of  Deposition. — It  need  hardly  be 
pointed  out  that  many  other  modifications  of  the  plant  originally 
described  have  been  made,  and  have  received  titles,  suggestive 
of  the  credit  due  to  those  who  made  the  new  "discovery,"  or 
"improvement.''  Reference  to  the  names  of  the  original 
inventors  is  usually  omitted. 

The  Stalmann  Process. —The  original  voltaic  battery  has 
been  made  the  foundation  of  another  system  of  arranging 
electrodes,  which  has  come  into  use  in  various  modifications, 
and  in  some  cases  with  the  stated  object  of  economising  cathode 
plates.  Schnabel*  describes  one  of  these  methods  (in  which, 
however,  special  separate  cathode  plates  aro  used),  and  states 
that  he  has  seen  it  in  use  in  the  Anaconda  Works  at  Montana, 
U.S.A.  Without  this  testimony  it  would  have  been  very 
difficult  to  believe  that  this  most  inconvenient  arrangement 
should  have  found  any  favour  in  practical  work ;  but  as  it  has 
been  shown  to  be  possible,  it  will  be  necessary  to  describe  the 
apparatus  and  the  method  shortly  at  this  point,  the  account 
being  taken  from  the  patent  specifications  of  Stalmannf  whose 
process  it  is. 

Stalmann  couples  the  electrodes  of  each  individual  bath  in 
series,  suspending  an  anode  first,  and  then  cathodes  and  anodes 
alternately,  united  in  pairs,  until  at  last  a  cathode  plate  ends 
the  whole  series.  The  first  anode  and  the  last  cathode  are 
connected  immediately  with  the  main  leads  of  the  circuit,  or 
are  joined  up  in  series  with  other  baths  similarly  arranged. 
The  details  of  the  electrode  connections  in  the  bath  are  shown 
in  Figs.  102  to  105.  In  arranging  the  first  pair  of  electrodes, 
either  the  cathode  plate,  ky  is  fastened  directly  to  the  anode,  a 
(Fig.  102),  or  each  anode  plate,  a,  is  connected  with  a  cathode 
plate,  kf  by  means  of  a  wire  or  by  the  short  copper  bars,  v,  lying 
on  the  rim  of  the  vat  (Fig.  103),  or,  finally,  the  anode,  a,  is 
united  to  the  cathode,  k,  in  the  manner  shown  in  Fig.  104,  with 

*  C.  Schnabel,  ffandbuch  der  MetallhatUnkande,  vol.  I,  p.  270  (1894). 
t  U.S.A.  Patents  467,350  and  467,848,  Jan.  19,  1892. 
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Fig.  102.  Fig.  103.  Fig.  104. 

Stalmum'a  •leotrode  coimeotloiu. 


Fig.  106. — Stalmum'B  copper  Tat  (ctom  wction). 

Iffllff 

F1^  106.— doheme  of  electrical  connectioot  in  Stalnuum's  rab 
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a  plate,  i,  of  insulating  material  separating  them,  so  that  only  one 
side  of  each  plate  comes  in  contact  with  the  solution. .  The  last- 
named  method  is  the  latest.  The  pairs  of  electrodes  are  suspended 
in  the  baths  after  the  fashion  adopted  in  the  older  systems.  If 
the  electrodes  are  not  attached  by  screws  to  supporting  arms 
as  shown  in  Fig.  103,  the  anode  plates,  a,  are  cast  with  pro- 
jecting lugs,  X  (Fig.  105),  by  which  they  are  supported  on  the  rim 
of  the  bath.  The  electrolyte  yats  (H  and  H^)  are  double,  one 
being  placed  within  the  other,  whilst  the  intervening  space  is 
filled  up  with  paraffin  wax,  tar,  or  other  similar  material ;  they 
are  made  of  wood,  and  the  inner  vessel  is  provided  internally 
with  a  series  of  wooden  studs,  F,  on  its  side  walls  to  prevent 
any  displacement  of  the  electrodes.  The  connections  of  the 
electrodes  and  conductors  will  be  understood  on  reference  to 
Fig.  106,  in  which  a  is  the  first  anode,  k  the  last  cathode,  and 
ok  the  intermediate  double  electrodes.  It  is  not  easy  to  under- 
stand from  this  patent  specification  what  advantages  Stalmann's 
arrangement  possesses  over  the  other  systems  in  use. 

The  Haydeiiy  Smith,  and  Bandolf  Processes. — Hayden* 
simplifies  this  apparatus   by  omitting   all   the  cathode   plates 
except  the  one  connected  to  the  negative  wire  of  the  generator. 
He  joins  up  the  first  anode  plate  to 
the  positive  lead  from  the  dynamo, 
and  suspends  behind  it  a  series  of     ^ 
crude  copper  plates  insulated  from 

it,  and  from  one  another,  and  finally  _ 

connects  a  plate  of  pure  copper  to     ^      io7._Scheme  of  electric*! 
the  negative  lead.     The  pure  copper         connections    in    Hayden's 
is  therefore  deposited  on  those  sides         vat. 
of  the  intermediate  plates  that  are 

turned  towards  the  first  anode,  whilst  the  metal  is  at  the 
same  time  dissolved  from  the  other  sides,  which  face  towards 
the  last  negative  plate.  But,  unfortunately,  the  crude  copper 
plates,  which  are  always  of  cast  copper,  are  never  quite  uniform 
in  structure;  or,  even  if  the  electrodes  could  be  obtained 
perfectly  homogeneous,  certain  irregularities,  due  to  the  clinging 
of  the  insoluble  residue  to  the  surface  and  the  like,  would  be 
unavoidable;  there  must,  therefore,  be  a  more  rapid  solution  of 
the  metal  at  some  places  than  at  others.  Cavities  are  thus 
formed,  which,  in  course  of  time,  extend  to  the  pure  metal 
deposited  (by  this  time  to  some  thickness)  on  the  other  surface ; 
and  it  goes  without  saying  that  the  pure  copper  must  then  be 
dissolved.  Fig.  107  shows  the  electrical  connections  in  the 
Hayden  bath  in  which  a  is  the  anode,  and  k  the  cathode  plate. 
The  intermediate  plates,  z,  serve  as  cathodes  on  their  left-hand, 
and  anodes  on  their  right-h  and  surfaces. 
[The  Hayden  process,  which  was  introduced  in  1 886,  may  perhaps 

*  Engineering  and  Mining  Journal  (New  York),  1892,  vol.  liv.,  p.  126. 
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be  said  to  have  been  anticipated  in  principle  hj  Hugon  in  1884 
and  by  Farmer*  in  1885.  The  Hajden  system  was  at  one  time 
very  largely  employed  in  America,  and  although  in  most  cases 
it  has  been  relinquished,  it  is  still  used  in  the  large  works  of  the 
Baltimore  Electrical  Refining  Co.  It  is  said,  however,  that 
even  here  a  large  quantity  of  scrap  copper  is  produced  in 
working  it;  and  this  is  of  necessity  a  serious  disadvantage. 
Difficulty  is  often  found  in  series  processes  in  stripping  Uie 
deposited  copper  from  the  residue  of  the  previous  anode 
material ;  the  labour  involved  in  this  process  adds  considerably 
to  the  cost  of  refining ;  and  occasionally  it  has  even  been  founa 
more  economical  to  remelt  the  whole  cathode  with  the  next 
•charge  of  anode  metaL  To  obviate  this,  Stalmann  has  proposed 
sticking  a  sheet  of  paper  to  the  back  of  each  anode,  fastening 
a  few  rivets  through,  and  black-leading  the  surface  of  the 
paper.  By  this  arrangement  the  copper  would  be  deposited 
upon  the  paper  instead  of  upon  the  surface  of  the  anode  copper. 
— Translator.] 

If  Fig.  107  be  turned  through  a  right  angle,  so  that  a  is 
placed  at  the  top  and  k  at  the  bottom  of  the  illustration,  and  if 
■canvas  diaphragms  be  imagined  stretched  between  the  electrodes, 
A  fair  mental  ])icture  of  the  Smith  systemf  will  be  obtained. 
The  object  of  the  canvas  diaphragms  is  to  retain  the  deposit  of 
anode  mud,  which  would  otherwise  fall  upon  the  surface  of  the 
cathode  below  and  render  the  deposited  metal  impure. 

If  now  the  same  figure  be  turned  in  the  opposite  direction,  so 
that  k  is  at 'the  top  and  a  underneath,  the  principle  of  the 
Bandolf  arrangement!  is  sufficiently  clear.  The  copper  irons 
in  this  case  travel  upwards,  and  as  the  impurities,  therefore, 
remain  beneath,  there  is  no  need  for  the  diaphragm  which  was 
employed  by  Smith.  The  circulation  of  the  solution  is  effected 
in  a  horizontal  direction. 

In  both  these  latter  forms  of  construction,  the  discovery  of  the 
cause  of  any  accidental  disturbance  of  the  operation  is  rendered 
much  more  difficult.  With  the  vertical  suspension  of  the  elec- 
trodes, however,  such  a  disturbance  is  readily  found,  and  very 
often  is  easily  remedied.  Neither  of  these  methods,  therefore, 
appears  to  afibrd  any  grounds  on  which  its  adoption  could  be 
recommended. 

[The  Multiple  and  the  Series  Systems  of  Befining. — The 
usual  processes  of  copper  refining,  such  as  those  of  Siemens- 
Halske,  Thofehrn,  and  others,  in  which  all  the  anodes  in  any 
one  tank  are  hung  in  parallel  circuits,  are  now  classed  as 
belonging  to  the  Multiple  system,  to  distinguish  them  from  the 
Hayden  and  similar  processes,  in  which  the  anode  and  cathode 

♦  [U.S.A.  Patent  322,170,  July  14,  1886.] 

f  tifigineering  and  Mining  Journal^  1802,  voL  liv.,  p.  126. 
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pairs  within  the  vat  are  coniiected  in  electrical  aeries.  The 
latter  arrangement  is  accordingly  known  as  the  Series  system. 
It  must  be  remembered  that  these  terms  refer  only  to  the 
•disposition  of  the  electrodes  in  a  single  tank,  and  do  not  in  any 
way  relate  to  the  connections  of  the  different  tanks  in  the 
installation,  which  must  be  so  grouped  in  a  combination  of 
series  and  parallel,  as  to  give  the  maximum  economy  with  the 
•current  conditions  available,  taking  into  account  the  interest 
upon  the  capital  locked  up  in  the  copper  contained  in  the  baths, 
ta  well  as  in  the  plant  itself.  The  selection  of  the  above- 
mentioned  names  is,  therefore,  somewhat  unfortunate,  as  it 
tends  to  confusion.  The  amount  of  copper  deposited  under  the 
multiple  system  should  not  be  less  than  95  per  cent,  of  that 
which  is  theoretically  possible,  whilst  in  the  Series  processes  a 
higher  KM.F.  is  required  for  each  tank,  and  there  is  a  greater 
loss  by  short  circuiting  through  the  mud  upon  the  bottom  of  the 
bath  and  through  the  walls  of  the  tank  itself,  so  that  the  elec- 
trical efficiency  is  reduced  to  from  85  to  90  per  cent  The  capital 
represented  by  the  copper  electrodes  is  also  greater  in  the  case 
of  the  Series  system  than  in  the  Multiple ;  but,  on  the  other 
hand,  the  total  capital  expenditure  is  higher  in  the  latter  case. 
Kroupa  states  that,  weighing  the  costs  of  the  two  processes  one 
against  the  other,  the  balance  in  favour  of  the  Multiple  system 
works  out  at  about  8s.  4d.  per  ton  of  copper,  a  difference  which 
is  quite  sufficient  to  account  for  the  substitution  of  this  system 
for  the  series  in  so  many  of  the  works  in  which  the  latter  had 
been  tried. — Translator.] 

Beflning  of  Argentiferous  Copper. — In  addition  to  the 
argentiferous  blister  or  refined  copper  which  results  from  the 
smelting  of  copper  ores,  alloys  containing  little  copper  but  much 
precious  metal  often  come  to  gold  and  silver  refineries  for  treat- 
ment. But  as,  in  most  instances,  it  is  found  necessary  to  bring 
the  silver  into  solution  when  electrolytic  processes  are  applied, 
the  method  of  treating  these  alloys  will  be  referred  to  in  the 
Chapter  on  Silver. 

Treatment  of  Sulphide  Ores  and  Mattes. — ^This  problem 
is  more  difficult  than  that  of  electrolytic  refining,  and,  indeed,  it 
•cannot  as  yet  be  regarded  as  solved.  For  a  long  time  the 
obstacle  to  the  solution  of  the  problem  consisted  in  the  fact  that 
those  who  took  the  matter  in  hand  allowed  themselves  to  be 
led  away  into  following  the  objects  aimed  at  in  electrolytic 
refining.  Thus  they  attempted  the  utilisation  of  all  the  arrange- 
ments that  were  known  to  be  available  in  refining,  as  types  for 
the  treatment  of  an  anode  material  that  required  an  altogether 
•different  method  of  handling.  Both  the  composition  of  the 
anodes  and  the  residue  that  was  left  after  electrolysis,  were 
-different  from  those  to  which  metallurgists  were  accustomed 
in  the  treatment  of  metallic  anodes. 
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It  hfis  been  shown  that  in  the  preparation  of  anodes  for 
electrolytic  copper  refining  a  metal  is  commonly  used  in  which 
the  impurities  amount  to  only  a  fraction  of  1  per  cent,  of  the 
total  metal  present ;  and  it  must  be  remembered  that  these  im- 
purities consist  largely  of  metals,  which  do  not  take  part  in  the 
chemical  reactions  of  the  process,  and  which  are  not  chemically 
combined  with  the  copper,  but  only  alloyed  with  or  simply 
dissolved  in  it.  Then,  after  electrolysis  has  commenced,  the 
copper  is  gradually  and  more  or  less  uniformly  removed  from  the 
surface  of  the  anode,  whilst  a  slight  insoluble  residue  is  at 
first  left  in  its  place.  This  residue,  consistiDg  for  the  most  part  of 
the  precious  metals,  lead  peroxide,  cuprous  oxide,  and  the  like,  is 
very  small  as  compared  with  the  weight  of  the  copper  in  which 
it  was  dissolved,  so  that  it  separates  in  a  non-coherent  form,  and, 
becoming  detached  very  soon  from  the  metal  plate,  collects  (on 
account  of  its  high  specific  gravity)  as  an  anode-mud  at  the  bottom 
of  the  bath.  Hence  the  anode  surface  remains  comparatively 
clean,  and  the  small  quantities  of  impurity  which  cling  to  it  for 
a  short  time,  offer  scarcely  any  hindrance  to  the  progress  of  the 
work ;  they  are  for  the  most  part  conductors. 

But  these  are  conditions  of  so  exceptionally  favourable  a  kind 
that  they  are  but  rarely  met  with  in  the  whole  course  of  metals 
lurgical  practice.  It  is  true  that  an  alterable  material  has  to  be 
dealt  with  in  the  treatment  of  anodes  prepared  from  ores  or  mattes, 
for  the  sulphides  of  which  the  anodes  are  formed  are  decomposed 
by  the  current  in  such  a  manner  that  the  metal,  leaving  the 
sulphur  behind,  passes  into  the  electrolyte,  and,  so  far  as  it  is 
capable  of  precipitation  under  the  conditions  obtaining,  it  is 
deposited  upon  the  cathode.  The  reactions  by  which  this  is 
brought  about  may  be  left  for  future  consideration.  It  is  well 
known  that  in  ores  and  mattes  copper  is  not  the  only  soluble 
metal  to  be  dealt  with,  and  Kiliani  has  shown,  further  (see  p.  183- 
189),  how  important  it  is  for  continuous  work  that  as  few  foreign 
substances  as  possible  should  pass  with  the  copper  into  the 
electrolyte.  This  is  clearly  an  argument  against  adopting  the 
method  of  treatment  which  is  possible  in  the  case  of  copper 
refining.  It  may  here  be  remarked  that  it  is  sometimes 
desirable  to  make  test-experiments  on  a  large  scale,  even  in 
the  fisu^e  of  unfavourable  prospects.  But  in  this  instance,  costly 
installations  have  often  been  almost  recklessly  erected,  with  the 
object  of  investigating  disagreeable  truths  that  might  have  been 
discovered  at  a  much  less  expense.  A  continuous  experiment 
with  one,  or  at  least  with  quite  a  few,  baths  of  the  same  dimen- 
sions as  would  have  been  used  on  a  large  scale  and  requiring 
only  about  2  to  3  H.P.  would  have  sufficed  to  show  all  the 
difficulties  connected  with  this  method  of  work.  And  these 
difficulties  are  very  numerous  and  serious. 

The  Marohese  Prooess. — The  Societd^  anonima  Italtana  di 
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Miniers  di  Rame  e  dt  ElMromelallnrgla  in  Qeuoa  haa,  at  «  great 
■acriiice,  obtained  proof  of  the  impraoticabilit;  of  this  method  of 
treating  copper  mattes;  for  they  erected  a  plant  of  some  135 
H.P.  at  their  works  at  Casarza  in  order  to  put  the  process  of 
Marchese*  to  a  practical  test.  According  to  tjie  accoimt  given 
by  Badiaf  the  work  aad  the  installation  at  this  place  were  as 
follows : — 

The  smelting  of  the  ooorse-metal  (matte),  of  which  the  anodes 
were  made,  was  accomplished  la  the  nsaaj  way ;  and,  at  first,  a 
matte  containing  30  per  cent,  of  copper,  30  per  cent,  of  snlphnr, 

Fig.  109. 


Fig.  110. 
Mouldi  for  casting  Anodn  of  matte  at  Casarza, 

and  40  per  cent,  of  iron  was  considered  sufficiently  good.  The 
moulds  used  in  casting  the  anodes  are  shown  in  Figs.  108  to 
111,  which  need  no  further  description.  The  anodes  measured 
800  X  800  X  30  mm.  [31^  x  Slj  x  U  in.].  Each  mould  was 
provided  with  a  clamp,  which  served  to  hold  in  ite  place  a  copper 
strip  that  was  to  be  inserted  in  the  anode.  This  atrip  was  used 
lauequently  for  making  the  necessary  electrical  connection  with 
the  dynamo  during  electrolysis.  It  may  here  be  pointed  out 
that,  according  to  a  later  proposal  of  Stolp'a,|  a  copper  wire  net 
sboold  be  cast  into  the  block  of  matte,  in  order,  on  the  one  hand, 

*  Qerman  Patent  22,249,  May  2,  1882.     [Eaglisb  Patent  1884,  1SS2.] 
t  La  Lnmiire  BUclHque.  1S84.  vol.  liv.,  Noa.  40,  42,  44. 
t  Snyineeriity  arid  Maung  Jownai,  New  York,  ISSiB. 
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to  give  more  atability  to  the  auode  plate  Trhich  is  very  «hUj 
ruptured,  and,  on  the  other  hand,  to  ensure  a  more  aniform  dia- 
triDution  of  the  current  to  the  salpbideB.  But  eTen  this 
proposal  has  not  been  able  to  save  the  M&rohese  process.  The 
plates  must  be  TCpy  slowly  cooled  alter  casting ;  for  this  reason 
the  mouldi  wen  surrounded  with  some  material  that  is  a  bad 
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Fig.  112.  Fig.  113. 

Connections  of  anode-itrip  with  main  condnotor  it  Caauia. 

conductor  of  heat,  and  tbey  stood  during  the  casting  and  cooling 
operations  in  pits  sunk  in  the  floor  of  the  melting-room.  It  «  as 
not,  of  course,  proposed  to  suspend  plates  of  such  weak  and 
brittle  material  Dy  the  copper  plates  inserted  in  them.  Tbey 
were  to  be  placed  upon  a  wooden  support  provided  for  them  in 
the  baths.  The  copi>er  strips  were, 
however,  bent  around  strips  of  wood  in 
the  same  way  as  those  which  were  also 
used  for  suspension  (compare  Fig.  90), 
and  were  then  fastened  to  the  con- 
ductors, which  lay  along  the  sides  of 
the  vat,  in  the  manner  indicated  in 
Fi^  112  and  113. 

The    Cathodes,    which  consisted  of 

thin   copper  sheets,  700  x  700  x  0-3 

mm.  [27^  x  27}  x  A  >»']>  ^^"  ^^"S 

in  the  usual  way  from  wooden  rods 

UMarn.  by  means  of  strips  of  oopper,  one  of 

which  was  carried  along  the  upper  side 

of  the  rod  direct  to  the  main  conductor,  30  mm.  [1^  in.]  thick, 

with  which  it  made  contact  in  the  way  described  above  (Figs. 

113, 113). 

The  arrangements  of  the  electrodes  in  the  baths  is  shown  in 
the  scheme  sketched  in  Fig.  114. 

The  baths  themselves  were  lead-lined  wooden  vats,  2000  x  900 
X  1000  mm.  deep  [6  ft.  6  in.  x  3  ft.  x  3  ft.  3  in.],  of  which 


twelve  were  united  in  &  group  to  be  served  by  one.  dyosmo. 
The  method  of  joining  together  the  wooden  Bides  and  the  leaden 


^^ 


Pig.  US.  Fig.  116. 

Method  of  attaching  the  le«d  linioga  to  the  vats  (C»a 


electrolyte  (( 

linings  of  the  vats  at  one  and  the  same  time  is  worthy  of  note. 
The  lead  sheet  was  screwed  down  with  the  wood  instecul  of  being 
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soldered  therewith  in  the  customary  fashion.     Figs.  115  and  116 
sufficiently  explain  this  method  of  construction. 

The  Electrolyte  consisted  of  an  acid  solntion  of  copper  and 
iron  sulphates,  and  was  obtained  by  roasting  a  portion  of  the  ore 
and  extracting  the  roasted  material  by  water  acidulated  with 
sulphuric  acid.     The  uniform  circulation  through  the  baths, 


Fig.  119.— PloD  of  the  Caurza  inatoUkticiD. 


Fig.  120. — Ctobs  section  of  the  Cuarza  depoutiQg-room. 


which  were  arranged  in  step  form,  was  brought  about  with  the 
aid  of  leaden  pipes  and  of  wooden  channels  on  the  bottoms  of 
the  vats.  The  solution  flowed  through  a  gutter  to  the  vat  which 
stood  at  the  highest  level  (Fig.  117),  and,  passing  through  the 
whole  length  of  Diis  vat,  overflowed  into  the  next,  as  shown  in 
Figs.  117  and  118.  The  arrangement  of  the  installation  is 
illustrated  in  the  accompanying  three  drawings,  of  which  Fig. 
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119  is  the  gronad  {tlui,  Fig.  120  the  cross  section,  and  Fig.  121 
a  general  view  of  the  interior  of  one  of  the  deposi ting-room. 

With  anodes  of  such  complex  character,  it  is  obvious  that  the 
rtaetion$  which  lake  place  during  electrolytu  must  be  of  a  very 
varied  cbaracter.  A  decomposition  of  the  sulphides  of  which 
the  anodes  are  composed  must  precede  the  migration  of  copper, 
iron,  or  other  mBterial  capable  of  forming  ions.     And  this  was 


Fig.  121. — Interior  of  the  Casuza  depoaiting>n>oiD. 

supposed  to  have  happened  parti;  through  direct  oxidation,  and 
partljr  through  the  action  of  ferric  salts,  thus,  e.g. ; — 

Cu^     +    2Fe,(S0.).    -    2CnS04    +    dFeSO*    +    S. 

Remembering  the  reactions,  which  Kiliani  has  shown  to  take 
place  in  the  electrolysis  of  blister  and  refined  copper,  due  to  the 
impurities  that  gradually  accumulate  in  the  electrolyte,  and 
that  are  here  present  in  far  greater  quantity  from  the  outset, 
it  cannot  require  long  consideration  to  decide  that  a  considerable 
proportion  of  electrical  energy  must  be  wasted  through  changes, 
which  take  place  both  in  the  solution  and  upon  the  anode  itselC 

It  is  unnecessary  here  to  enter  upon  a  calculation  of  the 
alectromotive  force  that  should  be  required  for  this  process. 
It  will  suffice  to  point  out  that  after  preliminary  experiments, 
1  volt  per  bsth  had  been  fixed  upon  as  the  maxitnum  that  could 
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be  necessary,  and  on  this  assumption  March ese  based  his  whole 
estimate  of  the  cost  of  the  undertaking.  But  as  the  account 
(to  be  given  shortly)  of  the  experience  gained  by  the  Aktien- 
gesdUchaft  filar  Bergbau,  Blei-  und  ZinkhiUtenbetrieb  at  Stolberg 


of  C^ppar 
Cu  S. 


o 


Httm  Materia/.  Marketable  Froducta.  Bye-producta. 
Fig.  122. — General  scheme  of  the  Marchese  process. 

(Rheinland)  will  show,  the  expenditure  of  power  increased  very 
considerably  even  after  a  short  time  of  action.  <  .$AH;jg| 

In  1885,  Marchese  published  an  account  of  a  nine-day  trial 
that  was  made  in  that  year  with  the  experimental-plant,  but  he 
makes  no  mention  of  this  fact,  ascribing  the  increased  expenditure 
of  energy  to  some  bad  contacts  that  had  been  overlooked  (!)  by 
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the  operator.  At  that  time  Marchese  still  estimated  a  net 
profit  of  75  per  cent,  upon  capita]  outlay  on  plant  in  a  factory 
of  this  character.  The  scheme  for  the  systematic  treatment 
of  ores  by  the  Marchese  system  is  shown  in  Fig.  122. 

In  addition  to  the  above-mentioned  favXU  of  this  system, 
the  great  fragility  of  the  matte  anode-plates  is  a  serious  difficulty. 
Then  there  occurred  a  separation  of  insoluble  and  non-conducting 
material  on  the  surface  of  the  sulphide,  and  small  cavities  gradu- 
ally developed  into  deep  pits  during  the  progress  of  the  electro- 
lysis. And  both  these  circumstances  caused  irregular  solution 
of  the  anode,  increase  in  the  resistance,  premature  crumbling  of 
the  plates,  inferior  extraction  of  the  anode-material  through  the 
formation  of  a  crust  of  insoluble  matter,  and  other  actions  pre- 
judicial to  the  working  of  the  process.  In  place  of  the  electro- 
motive force  which  had  been  calculated  as  sufficient  for  the 
satis&ctory  operation  of  the  plant,  it  frequently  became  necessary 
to  employ  double,  or  even  three  or  four  times  that  voltage,  in 
order  to  avoid  the  absolute  stoppage  of  the  work. 

These  last  remarks  have  been  reproduced  from  a  paper  written 
by  the  author  in  1893  *  on  the  direct  electrolytic  treatment 
of  ores  and  metallurgical  products.  At  the  same  time  he  gave 
an  account  of  his  own  experiments  with  ore  and  matte  in  the 
years  1883  to  1887.  He  added  that  these  negative  results  were 
obtained  after  a  series  of  experiments,  lasting  over  a  few  weeks, 
and  conducted  with  the  aid  of  a  1  H.P.  engine,  and  yet  they 
established  everything  that  the  125  H.P.  plant  at  Oasarza  had 
ihown. 

The  Stolberg  Installation. — The  Stolberg  Company  also 
determined  relatively  quickly  upon  experiments  with  a  large 
plant.  Laboratory  experiments  having  given  promising  re- 
sults, a  plant  was  first  run  for  several  months  with  a  5 
volt  X  150  ampere  dynamo,  or,  in  other  wordu,  with  a 
current  sufficient  to  determine  either  the  conditions  for,  or 
the  impracticability  of,  working  on  a  large  scale.  This  plant  was 
inspected  by  Marchese ;  and  then,  after  some  deliberation,  the 
erection  of  a  plant  of  sufficient  capacity  to  deposit  10  to  20  cwts. 
of  copper  in  24  hours  was  determined  upon.  It  consisted  of 
56  baths,  such  as  have  been  already  described,  consisting  of  lead- 
lined  wooden  vats  7  ft.  2  in.  long,  by  3  ft.  3  in.  wide,  by  3  ft.  3  in. 
deep.f  Each  bath  contained  15  anodes  and  16  cathodes, 
arranged  in  parallel,  and  at  a  distance  of  2  in.  apart 

The  anodes  at  Stolberg  were  prepared  from  mattes  of  three 
different  grades  of  concentration,  containing  respectively  7  to  8 
per  cent.,  15  to  20  per  cent,  and  about  50  per  cent  of  copper. 

*  Berg-  vnd  JIuUenmSnnuche  Zfitvng,  1893,  vol.  Hi.,  pp.  261,  269. 

t  This  and  the  followiog  account  of  the  results  of  the  StolVerg  experi- 
ments are  taken  from  an  account  published,  with  the  sanction  of  the 
SiolbergtrQeadhchaft,  in  the  Zeitwhrift  far  Mektrochefnie,  1894,  p.  50. 
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Of  these,  the  eecond  was  used  directly  for  the  prodaction  of 
the  anodes,  the  first  was  concentrated  by  roasting  and  fusing 
with  silicious  materials,  and  the  third  was  employed  for  the 
preparation  of  the  solutions.  The  composition  of  two  separate 
samples  of  the  matte,  as  used  for  the  anodes,  is  given  in  the 
following  table,  and  as  the  composition  was  variable,  a  third 
column  is  appended,  showing  the  average  of  a  large  number 
of  analyses  made  at  a  later  period  than  the  others : — 


TABLE  SHOWING  COMPOSITION  OF  ANODES  USED  AT 

STOLBERG. 


AnalysiB  at 
Stolberg. 

Analysia  at 

Average 

Genoa. 

Composition. 

Per  cent. 

Per  cent. 

Per  cent. 

Copper  (Cu), 
Lead(Pb), 

17-20 

24-78 

15  to  16 

23-70 

12-74 

14 

Iron  (Fe),  .... 

29-18 

34-23 

41  to  42 

Sulphur  (S), 

21-03 

27 -W 

25 

Sulphuric  anhydride  (SOs), 

0-69 

•  •  • 

•  •  • 

SiUca(SiO,),      . 

0-88 

•  ■  « 

•  •  • 

Silver  (Ag), 

0-0623 

0056 

0-05 

The  anodes  were  80  cm.  high  by  80  cm.  wide  by  4  mm.  thick 
[2  ft  7^  in.  X  2  ft.  7  J  in.  x  ^  in.].  They  were  made  by  allow- 
ing the  melted  matte  to  flow  out  of  the  furnace  into  a  large  iron 
tank,  from  which  it  was  removed  by  iron  ladles  and  cast  in  iron 
moulds.  The  moulds  were  sunk  in  the  ground  so  that  the 
sulphides  might  cool  very  slowly,  as  otherwise  the  anode  plates 
developed  cracks,  and  were  easily  fractured.  A  long  copper 
strip  2  cm.  wide  by  3  mm.  thick  [}  in.  x  ^  in.]  was  laid  in  the 
mould  before  pouring,  so  that  it  might  be  cast  into  the  anode, 
into  which  it  penetrated  to  about  the  centre.  The  free  end  of  the 
strip,  outside  the  bath,  was  bent  over  and  fastened  by  a  screw 
clamp  to  the  positive  conductor,  which  consisted  of  a  copper  rod 
of  about  3  cm.  [1-2  in.]  diameter,  and  so  served  to  make  electrical 
connections  with  the  matte.  To  avoid  rupture  of  the  anodes 
under  their  own  weight,  for  each  weighed  about  2|  cwts.,  they 
were  supported  ui)on  two  strips  of  wood  placed  beneath  them  in 
the  bath. 

The  cathodes  consisted  of  copper  plates  80  cm.  by  80  cm.  by 
1  mm.  [2  ft.  7i  in.  x  2  ft.  7 J  in.  x  0-04  in.],  with  four  strips  of 
copper  2  cm.  [0*8  in.]  wide  riveted  to  each,  in  order  that  they 
might  be  attached  to  cross  strips  which  were  laid  upon  transverse 
wooden  slats  placed  above  the  vat.  The  connections  of  copper 
strips  with  the  negative  conductor  were  like  those  adopted  for 
the  anodes. 

The-  electrolyte  was  made  by  extracting  the  richest  mattes 
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(those  carrying  about  50  per  cent,  of  copper)  with  dilute 
sulphuric  acid,  and  when  ready  for  use  contained  about  27  to  28 
grnis.  of  copper  and  15  grms.  of  iron  per  litre  [about  4i  oz.  of 
copper  and  about  2^  oz.  of  iron  per  gallon].  In  order  to  facilitate 
the  constant  circulation  of  the  solution  during  the  course  of 
electrolysis,  the  vats  were  arranged  one  above  the  other  in 
terrace  form,  and  a  pipe  of  2  in.  internal  diameter  led  from  the 
bottom  of  one  vessel  to  the  rim  of  that  next  below. 

Two  Siemens  and  Halske  dynamos  of  the  CFi^-type,  of  a  size 
sufficient  to  deposit  5  cwts.  of  copper  in  24  hours,  were  used  to 
produce  the  necessary  current.  These  dynamos,  running  at 
700  and  800  revolutions,  gave  a  current  of  430  amperes  x  35  volts. 
The  current  density  in  each  bath  was  about  30  amperes  per  sq. 
metre  [2*8  amperes  per  sq.  ft.],  and  the  electromotive  force 
required  was  at  first  1  volt  per  bath. 

The  profits  to  be  earned  by  the  process  were  estimated  by 
Marchese  in  the  following  way:— Starting  with  a  matte  con- 
taining 15  to  20  per  cent,  of  copper,  14  per  cent,  of  lead,  and 
0*05  per  cent,  of  silver,  and  expecting  to  recover  all  these  metals 
(the  copper  by  direct  electrolysis,  and  the  other  two  from  the 
insoluble  anode  residue  by  a  subsequent  treatment)  he  arrived 
at  the  following  results.     In  the  ton  of  matte  he  reckoned : — 

150  kg.  of  copper  at  Fr.  1*3  »  Fr.  195 
140  kg.  of  lead  at  Fr.  0*25  =  Fr.  35 
0*5  kg.  of  silver  at  Fr.     180    =     Fr.      90 


Valne  of  1  ton  of  matte     =     Fr.    320 

But  he  was  able  to  purchase  the  matte  at  Fr.  112*5  per  ton, 
because  only  the  copper  contents  were  taken  into  account,  and 
he  thus  reckoned  upon  obtaining  at  once  a  clear  gain  of  Fr.  207*5 
per  ton  of  matte,  or  Fr.  1383*33  per  ton  of  copper.  The  interest 
upon  the  capital  locked  up  in  the  shape  of  copper  in  the  baths 
was  thus  estimated :  there  were  20  anodes  of  125  kg.  each  in 
every  bath,  and  as  there  were  58  baths,  the  total  weight  of  anode 
material  was  145  tons  ;  and  this  represented  (in  round  numbers, 
at  Fr.  100  per  ton)  Fr.  14,500.  But  the  anodes  gradually  gave 
up  their  copper  during  the  electrolysis,  and  he  therefore  took 
the  half  of  this  sum  as  the  average  value  of  the  material  in  the 
baths  throughout  the  operation,  and  so  arrived  at  the  sum  of 
Fr.  8000. 

Then  580  kg.  of  copper  were  deposited  daily  in  the  58  baths. 
But  since  three  months  were  required  to  produce  copper  plates 
of  the  usual  marketable  thickness,  there  remained  in  the  baths 
V  X  580  =  26,100  kg.  of  copper  (because  here  also  the  half  of 
the  total  copper  is  taken  as  an  average);  and  the  value  of 
this  is  Fr.  32,000.  The  percentage  of  the  copper  in  the  solution 
itself  was  so  small  that  it  was  regarded  as  negligible.  The 
result  of  this  calculation  is  that  an  annual  production  of  210 
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tons  necessitates  the  sinking  of  a  capital  of  Fr.  40,000  in  the 
form  of  copper  in  the  baths.  But  since  the  electrolytic  copper 
recovered  is  chemically  pure,  it  is  estimated  as  being  worth 
Fr.  125  to  140  more  per  ton  than  is  the  ordinary  copper  of 
commerce.  And  this,  calculated  on  the  annual  outturn  of  210 
tons,  amounts  to  nearly  Fr.  30,000,  which  is  equivalent  to  an 
interest  of  75  per  cent,  on  the  capital  of  Fr.  40,000. 

The  Stolberg  plant  when  at  first  set  in  operatic  a,  fulfilled  all 
expectations ;  the  baths  worked  satisfactorily,  and  the  separated 
copper  was  pure.  After  a  few  days,  however,  the  resistance 
of  the  baths  began  to  increase,  and  required,  in  some  instances, 
an  electromotive  force  of  5  volts.  The  primary  cause  of  this 
increase  was  a  dense  deposit  of  separated  sulphur  at  the  anode, 
which  hindered  the  access  of  the  electrolyte  to  the  undecom- 
posed  sulphide  within.  But  there  was  a  still  greater  difficulty 
to  be  encountered.  The  copper  and  iron  being  dissolved  out 
of  the  anodes,  they  lost  all  cohesion,  so  that  large  fragments 
crumbled  away  and  filled  up  the  space  between  the  anodes  and 
cathodes  at  the  bottom  of  the  vat.  There  they  formed  a  short- 
circuit  for  the  current,  because  their  conductivity  was  higher 
than  that  of  the  electrolyte,  and  the  bath  remained  undecom- 
posed.  Finally,  polarisation  must  have  added  considerably  to 
the  apparent  resistance  of  the  bath.  The  fact  that  such  polarisa- 
tion existed  is  proved  by  the  observation  that  a  lower  E.M.F. 
was  required  for  the  operation  of  baths  that  had  been  cut  out  of 
the  circuit  for  a  few  days.  A  modification  of  the  process 
suggested  by  the  last-mentioned  observation  was  tried,  but  was 
soon  given  up  again.  Then,  as  the  formation  of  PbO^  was  con- 
sidered to  be  the  cause  of  the  polarisation,  the  percentage  of 
copper  in  the  anodes  was  increased,  and  that  of  lead  diminished, 
but  with  no  better  result ;  a  change  in  the  proportion  of  iron 
also  failed  to  produce  any  improvement.  Further,  the  deposited 
copper  was  found  to  contain  antimony,  bismuth,  lead,  iron, 
zinc,  and  sulphur.  Hence  it  was  determined  to  abandon  the 
use  of  matte  for  anodes,  in  favour  of  lead,  which  would  be 
insoluble.  A  small-scale  experiment  was  therefore  tried,  and 
as  the  results  were  satisfactory,  a  larger  bath  was  erected. 
The  electrolyte  employed  was  the  same  as  had  been  used  in  the 
Marchese  baths,  only  it  had  the  advantage  of  remaining  service- 
able for  a  longer  time,  because  the  proportion  of  iron  that  it 
contained  was  not  being  constantly  increased  through  the  action 
of  the  solution  upon  the  anodes.  The  E.M.F.  required  was 
1*7  volts;  and  the  results  were  at  first  good.  But  in  a  short 
time  the  quantity  of  copper  deposited  fell  to  60  per  cent  of  that 
which  should  theoretically  have  been  obtained,  and  the  potential 
rose  to  2*15  volts. 

Use  of  Bepolarisers. — The  cause  of  this  defect  also  lay  in  the 
polarisation  of  the  anodes,  which   became  coated  with  PbO, 
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mider  the  oxidising  influence  of  the  current,  and  so  yielded  a 
back-electromotive  force  that  opposed  and  weakened  the 
electrolysing  current.  It  was  then  hoped  that  the  introduction 
of  a  reducing  agent  would  eliminate  this  source  of  trouble. 
Sulphurous  acid  was  selected  for  the  purpose,  and  was  led  into 
contact  with  the  anodes  that  it  might  combine  with  the  oxygen 
separated  there,  and  so  form  sulphuric  acid.  A  small  experi- 
ment was  therefore  made  with  a  bath  containing  four  lead 
anodes  of  0*37  sq.  metre  [4  sq.  ft.]  surface  area  and  four  copper- 
coated  ..lead  cathodes  of  like  dimensions.  The  electrolyte 
contained  per  litre  39  grms.  of  copper,  14-4  grms.  of  iron  in  the 
ferrous  state,  3*9  grms.  of  iron  in  the  form  of  ferric  salts,  and 
9*6  grms.  of  free  sulphuric  acid.*  The  sulphurous  acid  was 
obtained  by  burning  sulphur,  and,  mixed  with  air,  was  injected 
into  the  bath.  The  E.  M.F.  required  was  not  diminished  through 
the  introduction  of  the  reducing  agent,  but  the  yield  of  copper 
was  increased,  and  the  metal  was  purer,  containing  99*984 
per  cent,  of  copper.  A  large  quantity  of  sulphuric  acid  was, 
of  course,  formed,  and  this  extracted  so  much  soluble  material 
from  the  copper  mattes  that  trouble  was  caused  by  the  crystal- 
lisation of  sfiJts  in  the  baths.  It  should  here  be  added  that  a 
patent  t  was  granted  for  the  use  of  sulphurous  acid  as  a  depolaris- 
ing agent  in  1885.  A  larger  bath  was  then  arranged  on  the 
lines  of  the  experimental  apparatus.  At  first  the  gases  from 
matte-calcining  furnaces  were  led  into  the  baths  to  provide  the 
sulphurous  acid  required ;  but  the  gases  were  found  to  be  too 
dilute,  and  were,  therefore,  replaced  by  those  from  the  muf&ea 
used  in  the  calcining  of  zinc  ores.  But  various  circumstances 
(among  others,  the  offer  of  a  new  process  by  Siemens  &  Halske) 
interfered  with  the  prosecution  of  the  work  in  this  direction, 
which  would  have  involved  the  transfer  of  the  whole  plant. 
The  use  of  insoluble  anodes,  and  of  the  depolarising  agent,  was  a 
great  departure  from  the  original  Marchese  process,  and  it  is* 
to  be  regretted  that  the  experiments  which  were  set  on  foot 
could  not  be  carried  through;  experiments,  however,  with  other 
depolarisers,  both  at  Stolberg  and  in  other  installations,  have 
not  as  yet  led  to  satisfactory  results. 

Body's  Frooess. — In  working  the  Marchese  process,  it  was 
remarked  that  a  part  of  the  current  was  used  up  in  converting 
the  ferrous  sulphate  present  in  the  liquors  into  the  correspond- 
ing ferric  compound,  and  that  this  salt  again  attacked  the  anode 
material.  It  was,  therefore,  only  natural  that  more  attention 
should  be  given  to  the  action  produced  by  iron  salts,  with  the 
object  of  utilising  it  in  some  convenient  way.  The  first  step  in 
this  direction,  at  least,  in  connection  with  electrolytic  processes, 

*  [This  in  equivalent  to  abont  6}  ozs.  of  copper,  2|  ozs.  of  ferrous  iron,  ^  oz. 
of  ferric  iron,  and  1)  oz.  of  sulphuric  acid  per  gallon  of  liquid.] 
t  German  Patent  32»866,  March  13,  1885. 
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is  to  be  found  in  a  patent  granted  to  Body* ;  but  in  purely 
metallurgical  works  the  utilisiition  of  iron  salts  haid,  of  course,  long 
been  known.  Although  Body's  apparatus  and  process  are  iiot 
concerned  with  copper  extraction  alone,  but  were  intended  for 
the  electrolytic  extraction  of  metals  from  ores  in  general,  they 
may  be  here  described  as  being  the  forerunner  of  the  well-known 
processes  of  Siemeas  &  Halske  and  Hoepfner. 

The  Tessel,  A  (Figs.  123  and  1S4),  is  made  of  Portland 
cement,  and  is  painted  within  and  without  with  an  impermeable 
materiaL  The  partition  walls,  S,  which  are  also  of  Portland 
cement,  do  not  reach  quite  to  the  bottom  of  the  bath ;  and  in 
the  space  thus  left  beneath  them  are  placed  plates  of  some 
material  (like  felt)  that  is  pervious  to  water.  The  raised  floor 
is  covered  with  a  carbon  plate,  C,  in  connection  with  the  positive 
pole  of  an  electrical  generator;  and  the  inner  sur&ces  of  the 


Fig.  123.  Fig.  124. 

Body's  apparatus, 
outer  walls  of  the  vessel  are  also  lined  with  carbon,  D,  which, 
however,  is  practically  unnecessary.  The  metal  plates,  K, 
which  form  the  cathodes,  are  suspended  in  the  space  outside  the 
partitions,  8.  A  solution  of  ferric  salts  with  sodium  chloride 
is  used  as  electrolyte.  The  ore,  which  has  been  previously 
moisteued  with  a  similar  solution,  and  ia  still  saturated  with  it, 
is  placed  in  the  inner  space,  J,  and  is  here  kept  in  coustant 
motion  during  electrolysis  by  means  of  the  stirrer,  R.  The 
solution  enters  through  the  opening,  O,  in  the  raised  floor, 
follows  the  course  of  the  arrow  marked  in  the  figure  over  the 
partitions,  S,  and,  finally,  after  traversing  the  cathode  compart- 
ment, escapes  through  the  aperture,  O,  in  these  outer  chambers. 
While  the  solution  is  thus  slowly  circulating  the  following 
reactions  take  place  : — 

■  U.8.A.  Patent  33,815,  Jan.  5,  1686. 
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1.  The  metals  contained  in  the  ore  are  brought  into  solution 
at  the  expense  of  the  ferric  salts  in  the  electrolyte,  which  are 
thus  reduced  to  the  ferrous  state. 

2.  The  dissolved  metal  is  deposited  at  the  cathode, 

3.  The  chlorine  which  is  set  free  at  the  anode  peroxidises  the 
ferrous  salts  that  have  been  produced,  and  anj  excess  of 
chlorine  that  may  escape  absorption  in  this  way  is  able  to  act 
directly  upon  the  ore. 

The  Siemens-Halske  Matte-Reflning  FrooesB. — Siemens 
&  Halske  then  went  a  step  beyond  this,  and  caused  the 
reactions  between  the  ferric  salts  and  the  copper  compounds  to 
take  place  entirely  outside  the  electrolytic  vessel.  They  stared 
up,  so  to  speak,  the  anode  energy  in  a  part  of  the  electrolyte  in 
order  that  they  might  utilise  it  outside  the  baths.  The  process 
was  thus  described  in  the  first  German  patent  taken  out  by  the 
firm.* 

The  powdered  copper  pyrites  is  roasted  at  a  moderate 
temperature,  preferably  in  a  Gerstenhofer  furnace,  in  such  a  way 
that  the  iron  is  almost  completely  oxidised,  whilst  the  copper  is 
contained  in  the  roasted  material,  partly  as  copper  sulphate, 
and  partly  as  copper  oxide,  but  mainly  as  cuprous  sulphide. 
The  finely-divided  material,  after  calcination,  is  treated  with 
the  solution  flowing  from  the  electrolysing  tanks.  This  leaching 
is  best  performed  in  a  series  of  vats,  through  which  the  liquid 
flows  successively  in  such  a  manner  that  it  passes  last  through 
the  vat  that  was  latest  charged  with  the  ore.  The  solution, 
which  is  thus  newly  enriched  with  copper  sulphate,  and  no 
longer  contains  any  ferric  salt,  is  now  returned  to  the 
electrolytic  cells,  where  it  is  first  deprived  of  its  copper,  and 
is  then  peroxidised,  so  that  it  may  be  used  afresh  to  extract  the 
copper  from  another  charge  of  ore.  The  process  is  therefore  con- 
tinuous, and  the  same  solution  may  be  used  repeatedly  until, 
owing  to  the  absorption  of  foreign  metals  previously  contained 
in  the  ore,  it  has  become  too  impure  for  the  process  of  electro- 
deposition. 

This  solution,  for  use  in  separate  electrolyte  cells,  should  be 
introduced  continuously  nearly  at  the  bottom  of  the  cells  which 
surround  the  cathode  plates ;  then  rising  to  the  top  of  these,  and 
depositiug  a  part  of  its  copper  by  electrolytic  action  on  the 
cathode  on  its  way,  it  flows  over  the  top  rim  of  the  membrane 
into  the  anode  compartment,  through  which  it  passes  to  make 
its  final  escape  from  the  bottom  of  this  cell  (Fig.  125).  During 
the  passage  of  the  electrolyte  through  tne  anode  cell,  the 
ferrous  sulphate  that  it  contains  is  first  converted  into  a  basic 
ferric  sulphate,  which  in  turn  is  changed  into  the  normal  ferric 
sulphate  by  the  absorption  of  sulphuric  acid  produced  through 

*  Qerman  Patent  42,243,  Sept,  14, 1886.    [English  Patent  14,033,  Nov.  1, 
I88e.] 
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the  electrolysis  of  the  cop|>er  Bulpliate ;  the  higher  speci6o 
gravity  of  the  latter  salt  causes  it  to  sink  to  the  bottom 
of  the  v<  ssel.  The  liquid  escaping  from 
this  compartment,  therefore,  contains 
less  copper  than  was  present  in  it 
when  intrixjuceil  into  the  cathode  cell; 
and  it  also  contaias  neutral  ferric  sul- 
phate in  solution.  This  solution  has 
now  the  power  of  converting  cupric  and 
cuprous  Bulpliides  and  copper  oxide  into 
copper  aulpliate.  In  thuH  acting  upon 
the  first-nmneil  copper  compound  the 
ferric  sulphate  is  reconverted  into  ferrous 
sulphate,  wliilat  the  liberated  oxygen 
serves  to  oxiilise  the  sulphide  of  copper. 
The  product  from  the  roasting  of  the  ore 
at  a  low  teni|»erature,  aa  above  explained, 
contains  most  of  its  copper  in  the  form 
of  sub-sulphide ;  but  the  iron  is  present 
as  peroxide,  a  substance  which  is  not 
attacked     by    ferric     sulphate,    and    is 

-,.       ,_       „.  .      scarcely  affected  by  snipliuric  acid.     The 

Fiff.    125. — Siemens   &  '        .   ,.,     '.        "^         ■ 

BaUke  electrolytic  cell     cuprous  sulphide,  however,  is  energetic- 
tor  treating  copper  ore.      ally    dissolved    by    the    fernc   solution. 
The  chemical  processes,  which  take  place 
during  the   electrolysis,  and  the  leaching  process  are  clearly 
shown  in  the  following  equations : — 

I.         iH,80,  +  aCuSO,  +  4PeS04  =  2Cn  +  2Fe,(S04)i  +  !eH,SO( 
n.  (a)  xH,80t  +  Cd,3  +  ZPetCSO*)^  =  2CUSO4  +  4FbS0,  -I-  8  +  zHtSO* 
{S)  CuO  +  H^O^  =  CoSO,  +  H,0 

(e)  3CaO  +  Fe,(30,)i  =  SCuSO*  +  FetO, 

(d)  CuO  +  2FoS04  +  H,0  =  CnSO,  +  (FetOj  +  SO,)  +  H, 

A  comparison  of  the  equations  L  and  II.  (n),  shows  that  if 
the  ore  hold  all  its  copper  in  the  form  of  cuprous  sulphide,  the 
«lectro]yte,  after  passing  throujfh  the  leaching  vats,  will  contain 
exactly  the  same  quantity  of  copper  sulphate,  ferrous  sulphate, 
and  free  sulphuric  acid  as  it  did  prior  to  electrolysis  ;  and  that  it 
is,  therefore,  completely  regenerated,  and  may  be  used  again  for 
the  electrolytic  decomposition.  But  if  the  copper  be  present  in 
the  ore  partly  as  copper  oxide,  it  is  evident  Irom  equations  II. 
(6),  (c),  and  (d)  that  in  this  case  the  solution  will  be  richer  in 
copper,  but  poorer  in  respect  of  iron  and  sulphuric  acid  than  it 
was  before  electrolysis. 

It  is  not  necessary  to  point  out  that  the  raw  matte  may  he 
used  in  lieu  of  the  roasted  material,  because  the  cop[>er  is 
present  almost  entirely  in  the  form  of  cuprous  sulphide.  In 
this  case,  however,  iron  would  also  be  dissolved,  and  a  complete 
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uoiformitj  of  the  solutiuna  ia  regEtrd  to  copper  aad  iron  could 
not  be  maiat&ined.  It  ia  to  be  remarked  that  ia  the  described 
electrolytic  proceaa  no  polariaatioa  occurs,  and  that  the  position 
of  the  ttro  electrode  materials  iti  the  electro-cbemioal  soriea 
gives  rise  to  no  counter  electromotive  force. 

Whilst,  with  matte  anodes,  an  E.M.F.  of  1-5  volts  is  necessary 
to  give  the  required  current  density,  07  v.ilt  will  suffice  when 
the  above  process  is  adopted.  And,  again,  whilst  in  the  former 
ca^  about  oae-third  of  the  current  volume  is  used  for  other 
reduotion  processes,  and  is  therefore  lost;  by  the  alternative 
method  there  is  no  loss  whatever  of  thia  nature. 

In  order  to  produce  the  rapid  circulation  of  liquid  through  the 
vats,  which  ia  necessary  for  satis&ctory  work,  the  cells  are  placed 
in  terrace  form  (Fig.  126),  and  all  the  cathode  compartments, 
K^,  Kg,  Ej,  are  conaected  together  by  siphoas,  Aj,  h.^,  A^,  in  one 


Fig.  126. — ArrangemoDt  of  vats  in  tha  Siemem-EaUke  proceaa. 

group,  while  the  anode  cells,  A„  A„  A3,  are  similarly  connected  in 
aaother  aeries  by  the  siphons,  ;t,,  ^,  ig.  Ia  order  to  maintain 
the  level  of  liquid  in  the  vessels  indepeudent  of  the  quaatity  of 
solution  added,  the  ends  of  the  siphons  in  the  lower  vats  are 
turned  upwards  for  the  space,  a,  which  is  equal  to  the  diSerenoe 
in  height,  $,  between  two  consecutive  vessels. 

Hodlfled  Slemens-Halske  Frooeas. — From  a  subsidiary 
patent*  taken  out  by  the  same  firm,  it  must  be  concluded  that 
the  use  of  this  process  led  to  difficulties.  The  electrolytic  cells 
had  previously  been  divided  into  two  (positive  and  negative) 
compartments  by  a  membrane ;  but  it  is  shown  in  the  second 
patent  specification  that  these  membranes  are  liable  to  become 
torn  during  electrolysis.       The  membranes  have  either  too  high 
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an  electrical  reaiBtanoe,  or  else  they  are  not  Bafficiently  durable, 
for  thej  stretch  and  allow  the  Holutions  to  escape. 

Figs.  127,  128,  and  129  show  an  electrolyte  cell  in  which  this 


Fig.  12». 
Siemeiu  A  HalBbs's  slectrolytfl  cell  (1S89). 

evil  is  remedied.  A  flat  vessel,  G,  made  of  wood  or  of  other 
suitable  material,  and  coated  with  lead,  is  provided  with  a  per- 
forated false  bottom,  L,  on  which  the  anode.  A,  is  enteuaed. 
The  anode  may  consist,  either  of  plates  of  retort  carbon  in  direct 
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electrical  connection  with  one  another,  or  of  perforated  lead 
plates  covered  with  small  fragments  of  retort  carbon,  or,  finally, 
of  deeply  corrugated  lead  plates  containing  perforations  to  allow 
of  the  passage  of  the  electrolyte.  The  horizontal  anode  is 
provided  with  the  necessary  insulated  electrical  connections, 
and  is  covered  with  a  layer  of  some  filtering  material  that  may 
serve  to  prevent  the  escape  of  the  solution  surrounding  the 
anodes  The  filter  may  be  of  felt  or  any  other  suitable  organic 
or  inorganic  material.  The  cathodes  consist  of  the  surfaces  of 
the  cylinders,  K,  which  are  quite  covered  by  the  electrolyte,  and 
are  constantly  maintained  in  slow  revolution  by  the  waterproof 
belt,  S.  These  cylinders  may  be  made  of  a  wooden  core  coated 
with  wax,  cement,  or  other  material,  and  surrounded  with  a 
conducting  material,  which  is  electrically  connected  in  any 
suitable  way  with  the  journals  of  the  cylinders  and  the 
conductors,  k. 

The  regenerated  solution,  consisting  of  copper  and  ferrous 
sulphate  solutions,  is  conveyed  in  a  continuous  stream  into  the 
liquid  which  is  already  covering  the  cylinders.  The  rotation  of 
the  latter  effects  the  continual  mixture  of  the  solution  down  to 
the  partition  separating  it  from  the  anode  compartment.  The 
tube,  XJ,  conducts  the  solution  away  from  the  space  beneath  the 
filter  at  the  same  rate  as  the  regenerated  liquor  is  run  into  the 
upper  compartment  through  C ;  and,  there  is,  in  consequence  of 
this,  a  constant  but  slow  transference  of  liquid  through  the  filter 
from  the  cathode  to  the  anode  compartment.  Here  the  ferrous 
salt  is  reconverted  into  ierric  sulphate  by  the  liberated  oxygen, 
and  the  ferric  salt,  having  a  higher  specific  gravity,  sinks  to  the 
bottom  and  is  at  once  carried  away  through  T7,  so  that  by 
properly  regulating  the  inflow  of  liquid,  the  strength  of  the 
current,  ana  the  quantity  of  copper  and  iron  in  the  solution,  the 
result  of  the  process  should  be  that  the  electrolyte  in  the  upper 
compartment  loses  some  two-thirds  of  the  copper  contained  in 
it,  while  in  the  anode  portion  the  whole  of  the  ferrous  salt  is 
peroxidised  to  the  ferric  state.  The  solution  is  uninterruptedly 
conveyed  from  the  anode  cell  to  the  extraction  tank,  and  after 
acting  upon  the  ore  powder,  it  circulates  through  the  whole 
system  again. 

According  to  later  accounts  *  the  anodes  were  afterwards 
made  of  specially  prepared  homogeneous  round  carbon  rods,  a 
(see  Figs.  130  and  131),  of  which  every  109  were  bound  together 
into  one  group  by  means  of  a  thoroughly  insulated  cast-lead  frame, 
forming  a  system  1600  mm.  long  by  405  mm.  wide  [5  ft.  6  in.  x 
1  ft.  4  in. J.  The  connection  with  the  main  conductors  is  made 
by  means  of  the  lead  strips,  Y ,  cast  on  to  the  frames. 

The  electrolyte  vessels  are  shallow  wooden  tanks  rendered 

*  Gnisonwerk-Magdebarg.     D<u  8iemens*che  Kupfergewinnungwerfahttn 
auM  Erzen, 
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iratertigbt  by  a  liDiDg  of  aaph&Ited  jute,  the  anode  system  is' 
placed  upon  the  floor  of  the  tank,  and  the  waste  pipe  is  Tso 
placed  that  it  may  readily  conduct  the  Golution  away  from  the ' 
apparatus.  At  a  certain  distance  above  the  anode  is  the  linen 
filter,  F,  stretclied  upon  wooden  frames,  and  serving  to  separatd 
the  bath  into  two  compartments,  one  above  the  other.  In  the 
upper  or  cathode  compartment  are  placed  the  wooden  plates,  K, 
which  cover  the  whole  area  of  the  vat,  and  are  overlaid  on  the. 
underside  with  ibin  sheet-copper  to  receive  the  electro-deposited' 
metal.  Between  these  cathode  plates  snd  the  filter  the  cathode 
solution  ia  kept  thoroughly  mixed  by  means  of  a  mechanical 


Fig.  lilO.  — Nev  fomi  of  anode  {i 


Fig.  131.— Newer  form  of  tank  (Siemsiu.HalBke). 

circulating  arrangement,   actuated  by   the  pulleys,  R,  on  the 
edge  of  the  vessel. 

These  processes  were  put  to  a  practical  test  in  Stolberg  by  the 
above-named  company,  but  it  is  evident  from  Cohen's  account 
that  only  a  very  impierfect  apparatus  was  employed.  The  want 
of  durability  both  of  the  membrane  separating  the  anode  and 
cathode  compartments,  and  of  the  carbon  anode  rods,  difficulties 
in  the  clearing  of  the  turbid  solution  obtained  on  extracting  the 
ore  with  the  anode  liquors,  and  all  the  derangements  that 
resulted  from  these  troubles,  caused  an  unforeseen  increase  in 
the  E.M.F.  required  (from  075  to  18  volts  per  bath),  and  finally 
led  to  the  suspension  of  the  experiments.  From  a  private  commu- 
nication from  Messrs.  Siemens  &  Halske,  the  author  learns  tha^ 
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the  difficalties  encountered  in  the  Stolberg  experiments  have 
been  entirely  overcome  in  a  new  installation  of  the  apparatus, 
owing  to  the  experience  gained  in  the  operation  of  a  large 
experimental  plant  at  Martinikenfeld,  near  Bt^rlin,  in  a  trial  of 
several  years'  duration.  An  installation  on  this  system  is  at 
present  in  course  of  erection  at  Pefia  de  Hierro  in  Spain. 

The  Hoepfiier  Process. — Another  theoretically  very  in- 
teresting process,  based  on  the  same  [)rinc  pie  as  that  of  Siemens, 
has  been  worked  out  by  Hoepfner,*  who  recorded  the  results 
that  he  had  then  obtained  in  a  paper  read  before  the  Upper 
Silesian  Society  of  Applied  Chemistry,!  from  which  the  following 
account  is  taken  : — 

^'I  use  electrolytic  tanks,  which  are  separated  by  reliable 
diaphragms  into  anode  and  cathode  compartments,  and  which 
permit  a  through  circulation  from  anode  to  anode,  and  from 
cathode  to  cathode,  through  any  number  of  cells  placed  in  series. 
In  the  anode  compartments  are  carbon  anodes,  which  are  incapable 
of  electrolytic  solution,  and  in  the  others  are  cathodes  of  sheet 
copper.  A  solution  of  cuprous  chloride  in  brine  or  in  calcium 
chloride  solution,  or  the  like,  flows  past  a  number  of  anodes  in 
turn;  and  a  similar  solution  comes  into  contact  successively 
with  any  convenient  number  of  cathodes.  Metallic  copper  is 
deposited  upon  the  latter  at  the  rate  of  2*36  grro.  [36*42  grains] 
per  ampere  per  hour,  that  is  at  exactly  double  the  rate  at  which 
the  same  current  can  deposit  the  metal  from  the  solution  of  a 
.cupric  salt,  such  as  copper  sulphate. 

"At  the  anode,  if  no  cuprous  chloride  were  present,  free 
chlorine  would  be  liberated;  and  an  E.M.F.  of  1*8  volts  would 
then  be  necessary  for  electrolysis.  But  the  chlorine  in  this  process 
combines  at  once  with  the  adjacent  cuprous  chloride,  and  con- 
verts it  into  cupric  chloride.  In  this  way  an  E.M.F.,  amounting 
to  nearly  I  volt,  is  produced  in  a  direction  favourable  to  the 
action  in  the  electrolyte ;  so  that  the  electrolysis  is  practically 
accomplished  with  a  difference  of  potential  of  only  0*8  volt 
between  the  electrodes.  The  solution  in  the  cathode  cells  be- 
comes weaker  and  weaker  in  respect  of  copper  as  it  passes 
through  them  successively,  until  finally  it  flows  from  the  last  of 
the  series  nearly  free  from  copper.  Leaving  the  electrolytic 
vats,  it  is  collected  for  the  above  described  process  of  circulation 
through  the  ore.  The  anode  solutions  retain  their  copper,  but 
no  longer  as  cuprous  chloride ;  for  it  has  become  converted  into 
cupric  chloride,  and  the  solution  containing  the  latter  salt  flows 
continuously  from  the  vat.;^ 

"  The  cupric  chloride  solution  thus  coming  from  the  anodes  is 

*  Qerman  Patent  53,782,  March  1, 1888.  [Engluh  Patent,  4626,  March  26, 
1888.] 
iZeiUehriJtJUr  angtwandU  Chetnie,  1891,  p.  160. 
tibid.,  1890,  p.  622. 
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used  in  the  system  of  circulation  to  extract  the  copper  and  silver 
from  the  finely  crushed  ores  of  these  metals.  Large  leaching 
vats  of  about  10  cb.  m.  [350  cub.  ft.]  capacity  are  used ;  they 
should  be  suitable  for  the  treatment  of  the  material  with  heated 
solutions,  and  should  be  provided  with  a  good  stirring  apparatus. 
The  solution  acts  upon  copper  ores  according  to  the  equation  : — 

CaCl,    +     CaS    =     S     +    CiisCl, 

So  that  the  cupric  chloride,  by  combining  with  copper,  becomes 
reduced  to  cuprous  chloride.  It  is  well  known  that  silver 
sulphide,  AgjS,  is  readily  attacked  by  cupric,  and  even  by 
cuprous,  chloride,  so  that  when  this  substance  is  present  in  the 
ore,  it  is  converted  into  chloride,  as  shown  in  the  following 
equation,  and  the  silver  chloride  that  is  formed  dissolves  in  the 
chloride  liquor : — 

AgjS     +     2CuCl,    =    Cap,     +    2AgCl     +     S. 

''The  regenerated  cuprous  chloride  solution  is  treated,  as 
described  below,  for  the  separation  of  silver,  arsenic,  bismuth, 
and  other  substances,  which  would  render  the  deposited  copper 
impure,  and  is  then  caused  to  flow  to  the  anodes  and  cathodes. 
At  the  former,  cupric  chloride  is  produced,  whilst  at  the  latter 
the  separation  of  copper  takes  place. 

'*  The  purification  of  the  solution  is  most  readily  and  practi- 
cally effected  by  chemical  means,  cupric  oxide  or  lime  being 
employed  to  remove  the  arsenic,  antimony,  or  bismuth,  which 
are  known  to  be  especially  prejudicial  to  copper,  so  that  the 
metal  ultimately  deposited  may  be  pure.  The  silver  is  separated, 
either  electrolytically  or  chemically  before  the  copper.  Any 
small  pi^oportion  of  iron  that  may  have  become  dissolved  from 
the  copper  ores  is  separated  by  the  treatment  with  lime ;  if  this 
separation  were  not  effected,  the  proportion  of  iron  would 
gradually  increase,  and  hence  the  solubility  of  the  cuprous 
chloride  would  be  reduced  to  about  one-quarter  of  its  former 
value.  Cuprous  oxide  is  such  a  powerful  base,  that  even  the 
oxide  of  zinc  is  precipitated  before  that  of  copper  on  the  addition 
of  alkali  or  alkaline  earths  to  solutions  of  cuprous  chloride. 

"  The  quantity  of  copper  deposited  in  24  hours  in  a  sufilcient 
number  of  baths,  with  an  interpolar  E.M.F.  of  0*8  volt»  is 
equivalent  to  43*9  kg.  [96*6  lbs.]  per  H.P.  ( =  690  ampere  hours), 
allowing  for  a  loss  of  10  per  cent.  Since  each  horse-power 
developed  in  large  works  only  requires  an  expenditure  of  22  kg. 
[48*5  lbs.]  of  coal  per  diem  in  the  boilers,  it  may  be  estimated 
that  in  a  well-managed  installation,  each  pound  of  coal  burnt 
should  produce  2  lbs.  of  deposited  copper.  Allowing  for  the 
crushing  of  the  ore  and  the  work  of  stirring,  1  lb.  of  coal  should 
suffice  to  produce  1  lb.  of  copper  from  the  original  ore.  The 
extraction  of  copper  ought,  therefore,  to  be  possible  even  in 
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oountries  in  which  the  coal  resources  are  of  the  most  limited 
character. 

''  The  above-described  process,  which  is  shortly  to  be  applied 
in  many  places  both  in  Germany  and  abroad  will,  as  I  [Hoepfner] 
hope,  quite  displace  the  ordinary  process  of  oopper-smelting. 

"  According  to  my  [Hoepfner's]  calculation,  a  daily  production 
of  1000  kg.  [1  ton]  of  copper  from  a  5  per  cent,  pyrites  would 
require  a  capital  outlay  of  about  123,000  marks  [J&61501  and 
the  daily  working  cost  of  such  an  installation,  inclusive  of 
interest  and  amortisation  charges,  would  be  about  190  marks 
[£9, 10s.].  The  daily  woiking  cost  of  all  other  processes  hitherto 
used  would,  under  otherwise  similar  conditions,  be  more  than 
double  this  amount. 

''The  causes  contributing  to  the  cheapness  of  the  present 
process  may  be  stated  as  follows : — 

''  1.  The  greater  depositing  power  of  the  current  in  the  caprons  solution, 
affording  twice  as  much  copper  per  hour  as  would  be  possible  with  a 
sulphate  process  ;  so  that  the  cost  of  the  electric  inatallation  is  reduced  by 
one  half. 

**  2.  The  higher  efficiency  of  the  chloride  solution,  which  is  able  to  ex- 
tract from  the  ore  all  the  valuable  metals  that  it  contains. 

'*  3.  The  considerable  dissolving  power  of  this  solution  (which  may  take  up 
as  much  as  150  grms.  of  oop|)er  per  litre  [IJ  Iba.  per  gallon]),  in  consequence 
of  which  the  leaching  plant  may  be  of  comparatively  small  size  and  demands 
the  expenditure  of  but  little  mechanical  power. 

"  Although  I  [Hoepfner]  venture  to  consider  the  described 
process  as  already  [189i]  proved  to  be  sound,  there  is  a  possibility 
that  it  may  be  even  yet  improved,  so  that  the  cost  of  production 
may  be  still  further  reduced." 

Unfortunately,  the  hopes  which  Hoepfner  at  that  time  ex- 
pressed have  not  been  fulfilled,  although  the  process  was  put 
to  a  practical  test,  both  at  the  Schwarzenberg  works  in  the 
Erzgebirge  district  of  Saxony;  and  in  two  other  installations  at 
Giessen  and  at  Weidenau  (Siegen).  The  difficulties  which 
militated  against  the  success  of  the  process*  may  be  stated  under 
four  heads : — 

1.  For  the  complete  extraction  of  the  copper  it  is  necessary  that  the  ore, 
whether  raw  or  roasted,  should  be  crushea  exceedingly  fine.  The  cost  of 
this  crushing  is,  in  some  cases,  far  greater  than  would  be  compatible  with 
the  workinff  costs  permissible. 

2.  Since  heat  must  be  applied  during  the  leaching  process,  it  is  unavoid- 
able  that  a  part  of  the  dis-solving  power  of  the  cupric  chloride,  generated 
during  electrolysis,  should  be  used  up  in  extracting  iron  compounds  from 
the  ore  whereby,  at  the  same  time,  the  electrolyte  is  quickly  rendered 
impure. 

3.  The  filtering  and  washing  of  the  muddy  residue  is  a  very  difficult 
problem,  which  has  not  yet  been  satisfactorily  solved. 

*  Compare  Jensch,  "Zur  Elektrolytischen  Gewinnnng  von  Kupfer  nach 
dem  HoepfneWschen  Verfahren"  in  the  Chemiker  Zeitung,  1S84,  p.  1906. 
[Journ,  Soc,  Chtm,  fud.,  1895,  vol.  xiv.,  p.  279.] 
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4.  Durable,  and  at  the  same  time  inexpensive,  materials  for  the 
diaphragms  and  the  anodes  do  not  appear  to  be  as  vet  forthcoming,  in  spite 
of  numeroas  patents  that  have  been  taken  out  in  this  connection. 

These  difficulties,  certainly,  cannot  be  considered  insurmount- 
able, and  it  is  therefore  to  be  regretted  that  the  experiments  at 
the  Schwarzenberg  works  should  have  been  stopped  on  account 
of  the  death  of  the  owner. 

[The  SohwarEenberg  Experiments. — The  original  account 
given  by  Jensch  of  his  experience  with  Hoepfner's  process  at 
Schwarzenberg  may  not  be  available  to  many  readers ;  and  as  it 
sets  forth  very  clearly  the  details  of  the  work  a  short  abstract 
may  be  given  here.  The  ore  used  contained  from  9 '5  to  12*25 
per  cent,  of  copper,  and  from  34*5  to  32*6  of  iron;  it  was  crushed 
so  finely  that  on  an  average  85  per  cent,  of  any  sample  would 
pass  through  a  sieve  with  200  holes  to  the  linear  inch,  and  96 
per  cent,  would  pass  a  100  sieve.  The  ore  was  leached  in  large 
revolving  wooden  drums,  holding  from  200  to  1500  gallons  each, 
into  which  steam  was  admitted  to  hasten  the  reaction  between 
the  ore  and  the  solution,  the  latter  consisting  of  the  cupric 
chloride  from  the  anodes  and  calcium  chloride.  The  drums  gave 
considerable  trouble  owing  to  leakage,  which  increased  with  the 
rise  of  temperature  and  with  the  growing  percentage  of  cuprous 
chloride  in  the  solution.  It  was  necessary  to  treat  even  the 
richer  ores  three  or  four  times  with  the  leaching  solution ;  but 
with  the  poorer  samples,  although  half  of  the  copper  was  removed 
in  the  first  extraction,  ten  or  twelve  were  necessary  to  dissolve 
the  remaining  half.  It  was  found  also  that  a  large  excess  of 
cupric  chloride  was  necessary,  because,  at  the  temperature  of  the 
reaction,  magnetic  pyrites  and  iron  pyrites  are  both  attacked  by 
this  substance.  The  slimes  were  filter-pressed  after  the  leaching 
in  order  to  extract  as  much  as  possible  of  the  solution  from 
them.  The  anodes  were  of  paraffined  carbon,  the  cathodes  of  thin 
sheet  copper,  the  use  of  copper-coated  carbon  cathodes  having 
proved  unsuccessful.  The  earlier  difficulties  with  the  parchment 
diaphragms  were  here  met  with.  These  d  iaph  ragms  were  previously 
described  by  Cohen  as  swelling  up  and  becoming  very  tender 
after  a  few  days'  use,  so  that  when  the  carbons  disintegrated,  hb 
they  did  at  the  slightest  provocation,*  the  fragments  of  the 
anode  collected  at  the  bottom  of  the  bath  and,  pressing  against 
the  parchment,  produced  rupture. — Translator.] 

The  Cohen  Process. — The  solution  of  the  diaphragm  pro- 
blem appears  to  have  been  accomplished  already,  in  course  of 

*  [It  is  claimed  for  the  Street  Girard  carbons  (English  Patent  13,339, 
1893)  that  they  are  capable  of  resisting  disintegration,  so  that  they  may  be 
used  in  aqueous  solutions,  even  with  currents  considerably  exceeding  0*5 
ampere  per  sq.  in.  in  density.  They  are  prepared  by  heating  them  elec- 
trically to  a  temperature  at  which  they  soften  and  are  converted  into 
graphite. — Translator.  ] 
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some  ezperiniMits  made  hj  Cohen,*  who  observed  that  when 
cuprous  chloride  was  electrolysed  under  a  low  current-density, 
the  cupric  chloride  formed  at  the  anode  sank  to  the  bottom  of 
the  coDtaiaiu);  vessel  in  the  form  of  a  solution,  of  which  the 
specific  gravity  was  highfr  than  that  of  the  surrounding  medium, 
and,  collecting  at  the  bottom,  it  formed  a  layer  of  gradually 
increasing  thickness.  II  the  cathode  were  so  long  that  it  dipi  ed 
into  this  layer,  copper  became  dissolved  from  the  former  within 
the  immersed  area;  and  the  deposition  of  copper  could  be 
effected  most  satisfactorily  without  a  diaphragm  with  the  aid  of 
the  apparatus  shown  in  Fig.  132.  A  carbon  anode,  A,  is  used 
of  such  length  that  it  dips  into  a  collecting-trough  formed  at  the 
bottom  of  the  bath,  and  it  is  suspended  opposite  a  cathode  of 
sheet  copper,  E,  of  only  half  its  length.  The  cuprous  chloride 
liquor  is  admitted  into  the  upper  part  of  the  deep  electrolysing 

Um  CI,  Solution. 


Fig.  132.— Coben'a  eiogU-coropartmeat  electrolyte  cell. 

vat,  whilst  the  cupric  chloride  solution,  which  streams  downward 
from  the  anode,  is  withdrawn  through  a  siphon  from  the  deepest 
part  of  the  trough  in  which  it  collects.  With  a  current  density 
of  20  amperes  per  sq.  metre  of  cathode  area  [1'86  amperen  perrq. 
ft.]  the  deposit  of  copper  answers  all  requirements  in  respect  of 
both  quality  and  quantity.  The  E.M.F.  required  under  these 
conditions  amounts  scarcely  to  J  volt. 

It  is  evident  that  the  Hoepfner  process,  and  possibly  that  of 
Siemens'  also,  has  been  advanced  a  stago  by  this  very  ingenious 
and  simple  device.  But  this  is  the  last  Step  towards  the  direct 
treatment  of  sulphide  ores  and  metallurgical  products  of  which 
any  description  need  be  given  in  this  place.  Of  new  snggestiona 
and  patents  there  is  no  lack ;  but  they  will  remain  for  the  most 
part  as  they  are  at  present.     And  it  may  be  said  that  the  quest 

•  ZeUtehriJt  /flr  Ettktrochrmir,  1896,  vol.  ii.,  p.  25. 
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for  a  practical  method  for  the  direct  electrolytic  treatment  of 
copper  ores  is  still  open. 

ApplicationB  of  Copper.— The  uses  of  copper  are  very 
numerous  on  account  of  the  valuable  properties  of  the  metal. 
Copper  serves  for  the  production  of  a  large  number  of  imple- 
ments, ap|>aratus,  parts  of  machinery,  and  the  like,  both  for 
household  and  for  factory  use;  in  electrical  work  it  finds  a 
special  application  in  the  form  of  wire.  In  the  service  of  art  it 
is  used  both  in  coppersmith  work  and  in  electrotyping.  In 
the  mixed-metal  trades  copper  forms  the  basis  of  very  many 
important  alloys,  such  as  bronze  (including  copper-tin,  copper- 
tin  zinc,  copper  -  manganese,  copper -aluminium,  and  copper 
silicon),  brass  (copper-zinc),  German  silver  (copper-nickel  zinc), 
&c.  For  the  production  of  such  copper  compounds  as,  for 
example,  copper  sulphate,  cupric  oxide,  phosphor  copper,  so  far 
as  they  do  not  occur  as  bye- products  in  metallurgical  works, 
metallic  copper,  and  the  scrap  from  the  rolling  mill  and  the 
coppersmith's  works  are  commonly  used. 


CHAPTER    11. 
SILVER. 

Properties  of  the  Metal. — Silver  (Ag;  atomic  weight  =  108; 
specific  gravity  =  10*5)  is  a  white,  tough,  malleable  metal  with 
a  brilliant  lustre,  and  a  crystalline  structure  (in  the  regular 
system),  and  with  a  hardness  intermediate  between  those  of 
copper  and  gold.  It  has  the  highest  electrical  conductivity  of 
all  the  metals.  Its  fusing  point  approximates  1000°  C,  and  it  is 
volatile  at  high  temperatures,  so  that  it  may  be  distilled  in  the 
oxyhydrogen  flame.  A  special  characteristic  of  silver  that  is  of 
great  importance  in  connection  with  the  refining  and  working  of 
the  metal  is  its  power  of  dissolving  oxygen  when  in  the  liquid 
state.  At  the  moment  of  solidification,  and  after  a  thin  crust  of 
solid  metal  has  formed  over  the  surface,  the  oxygen  which  is 
given  out  from  the  still  fluid  metal  within,  forces  its  way  through 
the  outer  crust,  and  often  gives  rise  to  a  considerable  loss  of 
metal  by  the  projection  of  small  fragments  to  a  distance ;  the 
])henomenon  is  known  as  the  spitting,  sprouting,  or  vegetation 
of  silver.  Among  the  metals  which  dissolve,  or  are  dissolved  by, 
silver,  lead,  mercury,  copper,  and  zinc  may  be  especially  noted. 

Silver  belongs  to  those  metals  which  cannot  be  oxidised 
directly  either  at  high  or  at  low  temperature,  either  in  moist  or 
in  dry  air.  Of  the  metalloids,  the  halogens,  and  especially 
chlorine,  are  most  liable  to  combine  with  silver ;  but  it  may  be 
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very  readily  united  also  with  sulphur  by  direct  fusion.  Among 
the  compounds  of  sulphur,  hydrogen  sulphide  is  able  to  attack 
this  metal  energetically.  The  best  chemical  solvents  are  nitric 
and  concentrated  sulphuric  acids.  Many  metallic  chlorides 
(CuCl^  HgClj,  FeOlg)  are  capable  of  converting  silver  into  its 
chloride,  and  so  of  making  it  soluble  in  other  salts ;  cyanides 
also  can  form  double  salts,  which  are  soluble  in  water  by  direct 
action  upon  either  metallic  silver,  its  haloid  salts,  or  its  sulphide. 
Ooourrenoe  of  Silver  in  Kature. — Silver  is  found  native; 
alloyed  with  gold,  copper,  and  mercury;  as  chloride  in  bom 
silver,  AgOl,  as  bromide  and  iodide  in  bromargyrite  (AgBr), 
and  iodargyrite  (Agl)  respectively ;  as  sulphide  in  silver  glance, 
AgjS,  and  in  combination  with  other  sulphides,  as  in  the  case 
of  red  silver  ores  and  fahlerz  which  may  be  given  as  examples 
of  thioantimonites  and  thioarsenites.  It  is  also  present  as 
sulphide  in  more  or  less  considerable  quantity  in  nearly  all  the 
sulphide  ores  of  other  metals.  The  extraction  of  silver  is  effected 
according  to  one  (or  to  a  combination)  of  the  following 
principles : — 

1.  Solution  of  the  silyer  in  another  metal,  with  snbseqnent  concentration 
and  separation. 

2.  Separation  of  the  silver  by  processes  of  chemical  solution,  sometimes 
with  subsequent  chemical  precipitation. 

3.  Electrolysis. 

1.     SOLXJTIOK  OF  THE  SHiVEB  IN  AKOTHEB 

MET  All. 

Treatment  with  Lead. — Excepting  in  the  case  in  which  a 
material  containing  much  zinc  or  copper  has  to  be  treated  (such 
a  material  being  subjected  directly  to  the  third  process), 
the  silver  is  obtained  as  an  alloy  with  lead  from  most  silver  ores 
or  metallurgical  products,  either  by  smelting  with  lead  ores 
or  by  contact  with  a  bath  of  metallic  lead. 

For  smelting  with  lead  ores,  only  a  poor  material  is  used,  and 
in  no  case  would  the  proportion  of  silver  exceed  10  per  cent. 
The  smelting  processes  employed  will  be  very  briefly  described 
in  the  Chapter  on  Lectd.  In  order,  as  far  as  possible,  to  avoid 
loss>of  silver,  an  alloy  (work-lead)  with  less  than  1  per  cent,  of 
silver  should  be  produced ;  this  is  then  submitted  to  a  process 
which  results  in  the  silver  being  concentrated  in  a  small  portion 
of  the  lead,  whilst  the  remainder  of  the  latter  is  worked  up  into 
a  soft  or  market  lead,  which  should  be  almost  free  from  silver. 

The  concentration  process  may  consist  in  melting  the  work- 
lead  and  submitting  it  to  a  series  of  systematic  crystallisations, 
the  lead  crystals  being  ladled  out  from  the  bath  as  fast  as  they 
form,  or  else  the  still  fluid  alloy  of  lead  and  silver  (which  now 
contains  a  larger  proportion  of  the  latter  metal)  is  tapped  off 
from  the  purer  lead  crystals  at  a  later  stage,  and  nearer  to  the 
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time  when  the  whole  mass  would  solidify.  "By  this  method, 
which  is  known  as  the  Fattinson  process,  an  alloy  containing 
somewhat  less  thia.n  2  per  cent,  of  silver  is  formed,  aad  this  is 
afterwards  treated  for  the  separation  of  the  two  metals.  Another 
concentration  process  [the  Parkes  prooess]  is  based  on  the  sola- 
bility  of  silver  in  zinc  when  the  fused  lead  alloy  is  mixed  with 
a  small  proportion  of  melted  zinc,  and  the  separation  of  a  ternary 
alloy  of  silver,  zinc,  and  lead,  which  is  less  fusible  than  lead 
itself.  The  crust  of  zinc  alloy  which  forms  on  the  surface  of  the 
lead  on  cooling  the  mixture  a  little,  is  removed  and  heated  by 
itself  so  that  the  exce^  of  lead  may  liquate  out,  and  the  residue 
is  then  distilled,  or  it  is  treated,  when  in  the  molten  condition, 
with  a  current  of  water  vapour.  In  the  latter  case  zinc  oxide  is 
obtained  mixed  with  grains  of  a  rich  silver-lead,  and  is  separated 
from  the  remaining  melted  silver-lead  alloy,  washed,  dried,  and 
sold  for  use  as  a  pigment.  The  residue  from  the  washing 
operation  is  purified  with  sulphuric  acid,  and  is  submitted  with 
the  bulk  of  the  silver-lead  to  the  separation  process.  This 
process  is  distinguished  from  that  of  Fattinson  by  a  more 
thorough  removal  of  the  silver  from  the  work  lead  by  the 
production  of  a  concentration  product  that  is  richer  in  silver 
(containing  as  much  as  12  per  cent,  of  silver),  and  by  a  higher 
yield  of  silver.  The  third  process,  due  to  Bossier  and  Edelmann, 
consists  in  adding  a  small  quantity  of  aluminium  to  the  zinc, 
which  is  used  as  in  the  Farkes  process.  A  very  rich  silver-zinc 
alloy  (with  25  to  35  per  cent,  of  silver  is  thus  formed,  and  is 
treated  by  electrolysis  for  the  extraction  of  tne  silver).  (See 
Section  3.) 

The  richest  sorts  of  work  lead,  and  the  enriched  products  of 
the  Fattinson  and  Parkes  processes  are  melted  in  a  reverberatory 
furnace,  and  are  there  exposed  freely  to  the  oxidising  action  of 
the  air,  in  the  process  known  as  oupellation,  until  a  crude 
metallic  silver  is  obtained,  lead  and  most  of  the  impurities 
having  been  removed  in  combination  with  oxygen  as  oxides. 
For  further  purification  the  metal  is  refined  either  by  a  second 
oxidation  in  a  smaller  reverberatory  furnace,  or  by  melting  with 
a  little  silver  sulphate  in  a  plumbago  crucible.  If  the  resulting 
silver  contain  gold,  it  must  be  further  treated  by  either  the 
second  or  third  systems.  Experiments  have  also  been  made  in 
the  direction  of  separating  argentiferous  work- lead  directly  by 
electrolysis.     (See  Section  3.) 

Amalgamation. — Mercury  dissolves  silver  in  considerable 
quantities,  and  can  also  decompose  most  of  its  salts  [bub  not  the 
chloride]  and  the  sulphide  with  the  separation  of  metallic  silver, 
which  dissolves  in  the  excess  of  mercury  used.  The  silver  may 
therefore  be  extracted  from  ores  which  contain  it  either  as  metal, 
certain  salts,  or  pure  sulphide,  by  treatment  with  mercury, 
that  is  to  say,  by  amalgamation.     The  mercury  is  separated  from 


I 


SILVER.  239 

the  resulting  amalgam  hj  distillation,  and  is  thus  recovered  by 
condensation,  whilst  the  silver  remains  behind  in  the  metallic 
state,  but  generally  alloyed  with  other  metals,  such  as  gold  or 
copper.  If  it  be  required  to  treat  other  silver  ores  by  this 
process,  the  silver  must  be  first  converted  into  chloride  by 
chlorination,  or  by  a  chloridising  roast  [and  a  reducing  agent, 
such  as  iron,  should  be  used  in  conjunction  with  the  mercury]. 
A  large  number  of  amalgamators  have  been  devised  for  bringing 
the  ore  into  the  most  intimate  mixture  with  the  mercury,  and 
the  more  important  of  them  are  described  in  the  newer  text- 
books of  metallurgy. 

The  use  of  electricity  in  hastening  amalgamation  has  been 
frequently  proposed,  but  has  not  come  permanently  into  use. 
Some  of  the  more  important  of  the  patented  processes  will  be 
referred  to  in  the  Chapter  on  Gold,  for  the  extraction  of  which 
metal  they  were  originally  devised. 

Solution  of  the  Silver  in  Copper. — When  ores  containing 
the  precious  metals  and  copper  are  treated  by  smelting  processes, 
a  part  of  the  silver  and  most  of  the  gold  are  liable  to  pass  into 
the  bye-product  that  contains  the  copper,  and,  therefore,  under 
certain  circumstances,  into  the  copper  itself.  Ores  containing 
the  precious  metals  are  not  thus  smelted  with  copper  ores,  as 
they  might  be  with  those  of  lead,  in  order  to  obtain  the  gold  and 
silver  alloyed  with  the  copper.  Copper  products  containing  the 
precious  metals  are  treated  according  to  systems  (2)  and  (3). 

2.     SEPABATIOK   OF  THE  SILVEB  BY  FBOCESSES 

OF  CHEMICAIi  SOIiUTIOK. 

The  Ziervogel  Process. — The  matte  smelted  from  the 
argentiferous  copper  ores  is  so  roasted  that  in  the  first  stage, 
among  other  products,  copper  sulphate  is  formed,  whilst  in  the 
second  stage  (after  previous  crushing  of  the  roasted  matte)  a 
double  decomposition  takes  place  between  copper  sulphate  and 
silver  sulphide  with  the  formation  of  silver  sulphate.  The  latter 
salt  is  then  extracted  from  the  roasted  charge  by  means  of  hot 
water  and  acid  solutions  of  copper  sulphate,  and  the  silver  is 
finally  precipitated  from  the  resulting  liquors  by  metallic 
copper. 

The  Augustin,  Patera,  and  Kiss  Processes. — The  ores  are 
isubmitted  to  a  chloridising  roast^  and  the  silver  chloride  is 
extracted  in  the  Augustin  process  by  concentrated  brine,  in  the 
Patera  method  by  sodium  thiosulphate  solution,*  and  in  the 
Kiss  modification  by  calcium  thiosulphate  solution.     In  the  first 

*  [This  salt  is  still  cornmonly  known  as  hypoMulphUe  of  »oda,  bnt  as  this 
term  belongs  more  properly  to  a  different  compound  altogether,  the  name 
which  is  required  by  the  modem  system  of  nomenclature  is  adopted  in  the 
text.  — Tbanslatok.  ] 
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case  the  silver  is  precipitated  in  the  metallic  state  by  the  use  of 
metallic  copper,  in  the  other  processes  it  is  obtained  as  sulphide 
hj  the  addition  of  soluble  sulphides  (Na^S  or  Ca(HS)2). 

The  BuBsell  Frooess. — Ores  which  contain  silver  as  metal, 
sulphide,  arsenide,  or  antimonide  are  treated  with  a  double 
thiosulphate  of  sodium  and  copper.  The  silver  is  precipitated 
from  this  solution  in  the  form  of  sulphide  as  just  described. 
A  choice  of  methods  is  available  for  the  extraction  of  the  silver 
from  the  sulphide.  Thus  it  may  be  roasted,  and  the  calcined 
material  (or  even  the  unroasted  sulphide  itself)  may  be  stirred 
into  contact  with  metallic  lead,  and  the  resulting  alloy  may  be. 
cupelled;  or  the  precipitate  may  be  roasted  and  then  treated 
with  sulphuric  acid,  so  that  copper  and  other  metals  may  pass 
into  solution  whilst  silver  is  left  as  a  metal. 

Sulphurio  Acid  ProoesBes.— It  was  explained  above  that 
in  treating  copper  ores  containing  gold  and  silver,  both  these 
metals  would  be  taken  up  finally  by  the  melted  copper.  Whilst 
in  the  foregoing  processes  for  separating  the  metals  silver  has 
been  brought  into  solution,  it  is  in  this  instance  to  be  left  in  the 
form  of  an  insoluble  residue.  The  granulated  metallic  copper  is 
placed  in  a  lead-lined  wooden  tub,  and  is  there  submitted  to  a 
current  of  air  passing  from  below  upwards,  whilst  sulphuric  acid 
is  allowed  to  flow  over  it  intermittently  in  the  opposite  direction. 
Through  the  action  of  the  air,  copper  oxide  is  formed,  which 
then  dissolves  in  the  acid  and  yields  a  solution  of  copper  sulphate. 
Meanwhile,  silver,  gold,  and  some  other  impurities  are  left  as  an 
insoluble  residue,  which,  after  washing  and  drying,  is  converted 
into  a  lead-silver  alloy  with  the  object  of  submitting  it  to 
cupellation.  The  sulphuric  acid  treatment  of  roasted  argenti- 
ferous matte  was  referred  to  in  treating  of  the  Russell  process. 
Such  mattes  are  converted  by  dead-roasting  into  copper  oxide 
and  metallic  silver.  If,  then,  the  calcined  material  be  treated 
with  sulphuric  acid,  the  oxides  will  be  for  the  most  part  dis- 
solved, whilst  the  silver  will  be  left  untouched.  The  latter  is 
then  treated  with  metallic  lead  and  cupelled. 

The  parting  processes  for  silver  and  gold  are  briefly  described 
in  the  Chapter  on  Gold. 

3.  EIiECTBOLYSIS. 

Early  Experiments  in  the  Eleotrolysis  of  Silver  Solu- 
tions.— It  is  generally  understood  that  silver  is  one  of  those 
metals  which  may,  with  the  greatest  facility,  be  deposited  direct 
by  the  electric  current  in  a  form  convenient  for  further  technical 
use.  The  value  of  the  metal  caused  the  attention  of  metallurgists 
to  be  drawn  to  the  electrolytic  method  of  extracting  it,  even  at 
a  time  when  powerful  currents  could  be  produced  only  with 
difficulty  and  at  considerable  cost.     After  Cruickshanks,  at  the 
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beginning  of  this  century,  had  shown  that  silver  salts,  which 
were  soluble  in  water,  could  be  decomposed  by  the  current  with 
separation  of  metallic  silver,  it  was  only  in  the  arts  of  electro- 
plating and  electrotyping  that  any  practical  use  was  made  of  the 
discovery.  But  in  spite  of  that,  Becquerel,  as  early  as  the  year 
1835,  undertook  experiments  with  the  view  to  assist  and  to 
accelerate  the  treatment  of  silver,  lead,  and  copper  ores  with  the 
aid  of  the  electric  current.  The  details  of  this  process  are  given 
in  the  Chapter  on  Lead.  The  principle  of  the  method,  which 
consisted  in  displacing  comparatively  electro-negative  metals 
from  their  aqueous  solution  by  others  of  a  more  electro-positive 
character,  and  utilising  the  current  thus  generated  to  hasten 
other  less  energetic  or  less  complete  reactions,  deservedly  at 
tracted  much  attention  at  the  time.  In  his  work,  Sur  la  Produe- 
tion  des  Metaux  precieux  au  Mexique^  Duport  remarks  as  follows 
on  this  process : — 

"  What  would  be  the  result  of  a  total  failure  of  the  supplies 
of  mercury  if  the  Almaden  mines  could  no  longer  produce  cinnar 
bar,  either  by  reason  of  the  failure  of  the  workings,  or  by  an 
irruption  of  water  too  great  to  be  checked,  or,  finally,  by  the 
failure  of  all  ore  that  was  worth  working — contingencies  which, 
although  scarcely  probable,  are  yet  possible]  The  production 
would  then  be  limited  to  that  of  the  Carinthian  mines,  *and 
would  be  altogether  insufficient  for  current  requirements.  There 
would  in  consequence  be  a  great  rise  in  the  price,  so  great  as  to 
be  equivalent  to  a  complete  failure  in  the  supply  of  the  metal. 
What  then  would  happen  to  the  silver  industry  in  Mexico  ) 

'^  A  few  years  since  it  would  have  been  very  difficult  to  find  a 
satisfactory  answer  to  this  question,  for  at  that  time  the  only 
means  known  for  the  extraction  of  silver  from  its  ores  were  the 
ordinary  smelting  process  and  amalgamation.  At  the  present 
time  the  problem  wears  a  different  aspect.  ...  I  [Duport] 
had  the  opportunity  of  convincing  myself  of  the  practicability 
of  applying  the  electro-chemical  process  to  the  Mexican  ore,  and 
the  experiment  was  as  satisfactory  as  any  practical  trial  on  the 
large  scale  could  have  been,  because  4000  kg.  [4  tons]  of  an  ore 
which  had  been  sent  to  Paris  from  the  most  important  mining 
district  in  Mexico  were  operated  upon.  The  practicability  of  the 
process  on  a  large  scale  once  determined,  the  problem  reduces 
itself  to  a  comparison  of  the  cost  of  treatment  by  the  old  and 
the  new  systems." 

Although  Becquerel  did  not  flEdl  to  recall  attention  to  his 
experiments— in  1869  he  wrote  a  further  communication*  upon 
the  same — yet  the  improvement  in  the  results  does  not  appear 
to  have  been  commensurate  with  the  greater  expenditure  of 
labour  and  the  higher  cost  involved,  as  compared  with  those  of 
the  processes  previously  in  use.     It  is  also  to  be  remarked  that 

*  Dingier* 9  Pdytechnisehea  Journal,  1869,  vol.  oxdL,  p.  471. 
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at  the  date  of  the  last-named  paper,  the  electric  current  could 
be  generated  by  dynamo  electric  machinery,  which,  however, 
was  still  very  imperfect  in  character. 

Since  that  time  many  proposals  have  been  made  to  submit 
ores  containing  the  precious  metals  to  a  direct  electrolytic  treat- 
ment, but  so  far  without  effect.  Some  of  these  processes  are 
based  on  theoretically  correct  principles,  and  allusion  will  be 
made  to  them  in  the  Chapter  on  GM,  which  metal  naturally 
claims  priority  of  interest  when  it  occurs  along  with  silver. 
The  treatment  of  alloys  containing  the  previous  metals  has, 
however,  been  more  successful.  This  may  be  accomplished  in  one 
of  two  ways.  The  alloy  to  be  treated  being  used  as  the  anode, 
either  the  silver  is  left  there  as  an  insoluble  residue,  whilst  the 
other  metals  are  dissolved  j  or  the  silver  itself  is  dissolved  from 
the  anode  and  deposited  upon  the  cathode,  leaving  the  alloyed 
metals  at  the  positive  electrode. 

Eleotrolytio  Prooess  Depending  upon  the  Insolubility  of 
Silver  at  the  Anode. — If  the  silver  is  to  be  left  undissolved  at 
the  anode,  the  alloy  to  be  treated  must  not  contain  any  great 
excess  of  this  metal.  These  conditions  exist  (a)  in  the  refining 
of  copper  (see  Chapter  on  Copper);  (b)  in  the  refining  of  work- 
lead  (see  Chapter  on  Lead) ;  and  (c)  in  the  treatment  of  zinc 
skimmings  in  the  Roessler-Edelmann  process  (see  Chapter  on 
Zinc).  In  all  these  instances  the  silver  plays  no  part  in  the 
electrolytic  process ;  and  there  is,  therefore,  nothing  more  to  be 
■added  to  what  is  written  in  the  Chapters  on  Copper^  Lectd^  and 
Zinc, 

Eleotrolytio  FrooesseB  Involving  Solution  of  Silver  at  the 
Anode. — The  Refining  of  Silver  Containing  Gold.— If  silver  be 
present  alone,  or  in  conjunction  with  other  soluble  metals  such  as 
oopper,  in  such  quantities  that  a  second  (or  third)  constituent  of 
the  alloy  (gold,  for  example)  remains  in  the  form  of  powder  at 
the  anode,  it  is  possible  to  separate  the  alloyed  metals  by  the 
solution  of  the  silver,  either  alone  or  with  the  other  soluble 
metal,  as  the  case  may  be.  The  simplest  possible  instance  of 
this  is  the  refining  of  silver  containing  gold. 

This  process  is  already  in  use  on  a  large  scale  at  many 
separating  works.*  The  method  of  operation  in  this  case  differs 
from  some  other  refining  processes,  in  the  circumstance  that  the 
silver  cannot  be  separated  in  the  form  of  a  cohesive  plate. 
Silver  may  be  melted  together  easily  and  without  loss,  however, 
even  if  it  should  have  been  obtained  in  the  form  of  powder. 
Attention  may,  therefore,  be  devoted  entirely  to  the  far  more 
important  point  of  separating  the  pure  metal  with  the  greatest 
possible  rapidity.  On  account  of  the  relatively  high  value  of 
the  precious  metals  it  is  of  the  greatest  importance  that  they 

*  [About  10  million  ounoes  of  silver  were  refined  electrically  Id  1805  in 
the  United  States  alone. — Tbanslatok.] 
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shall  not  remain  locked  up  in  the  depositing  plant  longer  thtm 
neoeaaary.  The  current  density  to  be  uaed  should,  therefore,  be 
aa  high  as  ia  consistent  with  theavoiilance  of  unneceasary  heating 
of  the  electrolyte,  and  with  the  retention  of  the  impurities  at 
the  anode  or  in  the  solution.  The  growth  of  the  silrer  oryatals, 
which  are  formed  at  the  cathode  when,  these  high  current 
denaities  are  applied,  and  the  consequent  poasibility  of  ahort- 
circuiting,  must  be  prevented  by  intermittently  or  continuously 
breaking  the  cryatala  off  the  aurface  of  tho  electrode.  The  first 
to  recogniae  theae  requirements,  aod  to  give  practical  effect  to 
them,  waa  the  German  Chemiat,  B.  Moebius.  The  process,* 
which  he  patented  in  several  countriei  in  the  year  1884,  waa 
first  put  into  operation  in  Mexico,  and  then  in  tiie  most 
important  separating  works  in  America  and  Oermany  with 
satiafiMtory  results.  In  Oermany  the  Deutaehe  Oold-  und  Silber- 
Schtide  Anttalt,  which  now  occupies  Roeaaler's  works  at  Frank- 
fortKin-Maine,  has  worked  this  process,  and  the  following  account 
describes  the  practice  at  that  installation,  which  was  tinder  the 
care  of  Dr.  H.  Boessler. 

The  Hoebias  Process. — As  several  published  accounts  have 


Fig.  133. — The  Moebina  appirktiu,  Bhowing  uiode  oomputment  in  hilf 
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stated,!  the  apparatus  has   been    to    some   extent  aimpUfled 

■  U.3.A  Patent  310,302  and  310,533,  January  6,  1835  ;  EaglUh  PatMit 
16,054,  December  16,  ISM  ;  Oermkn  Patent  36,610,  Deeember  12,  188(. 

t  M>ynanl,  in  the  Hagineering  and  itining  Journal  (New  York),  1891, 
vol.  li.,  p.  536;  Roeuler,  in  the  Oftltrr.  ZeiUchriJt  fUr  Berg-  and  HOUen- 
uwan,  1892,  p.  238 ;  Sohnabol,  Sandbiteh  der  MttaUKOtUntiuidt,  v(4.  i., 
18M. 
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Fig,  134. — TlM  Moebias  »ppanituB — aection  aliowiiig  cftlh<>de. 


Pig.  135.~The  MoebiuB  ftpparatiu— Mction  throogh  A  R  C  B  (Fig.  138). 
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but  thej  do  not  show  tmj  tshtai.gos  in  the  principle  of  the 
app&ratos  as  desoribed  Itt  the  patent  apecifioatiou. 

The  electrolyte  Tata  conaist  at  present  of  long  tanlcs  of  pitch 
pine,  tarred  on  the  inside  about  0'6  metre  in  width  (inside 
measurement)  and  3*75  metre  in  length  [2  ft.  x  12  ft.].  Each  of 
these  vats  is  divided  hy  transverse  partitions  into  aeven  com- 
partments, and  every  compartment  contains  three  rows  of  anodea 
and  four  cathodes.     The  anodes  are  suspended  in  linen  or  cotton 


Fig,  136.— The  Moebiui  appkcntns  —  pUn. 

bags,  the  cathodes  merely  hang  in  the  baths.  Wooden  scrapera 
are  supported  from  frames,  which  are  free  to  travel  backwards 
and  forwards  on  the  rim  of  the  vat  i  and  these  scrapera  serve  to 
break  off  the  silver  crystals  as  they  grow  upon  the  sifrface  of 
the  cathode,  so  that  all  possibility  of  the  current  becoming  short- 
circuited  is  avoided.  Under  tbe  electrodes,  and  covering  almost 
the  whole  floor  area  of  each  section  of  the  vat,  is  a  deep  tray 
with  a  linen  bottom,  which  is  intended  to  receive  the  principal 
portion  of  the  crystals  detached  by  the  scraper.     By  means  of  a 
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frame,  all  these  arrangements  may  be  lifted  together  from  the 
Tats  in  which  they  are  suspended.  The  silyer  to  be  refined  is 
east  into  anode  plates,  a  (Fig.  133),  which  are  usually  6  to 
10  mm.  [1^  to  f  in.]  thick.  These  are  suspended  by  the  double 
hooks,  hf  shown  in  Fig.  135,  from  a  metal  frame,  It  (Figs.  133, 
135,  136),  which  serves  both  as  a  support  for  the  plates,  and  as 
a  means  of  connection  with  the  current.  For  the  latter  purpose, 
it  is  placed  at  one  side,  in  direct  contact  with  the  conductor,  F, 
whilst  on  the  other  side  it  is  separated  from  the  negative  con- 
ductor, N,  by  the  insulating  sheath,  I.  In  order  to  prevent  the 
undissolved  gold,  which  is  left  at  the  anodes  in  the  form  of  a 
brown  powder,  from  mingling  with  the  silver  brushed  from  the 
cathodes,  the  anodes  are  enclosed  in  bags  of  closely  woven  filter 
cloth,  which  are  stretched  on  the  wooden  support,  G  (Figs.  133, 
135) ;  and  this  in  turn  is  suspended  from  the  frame,  R. 

The  cathodes,  k,  consist  of  thin  rolled  silver  plates,  soldered 
to  a  copper  rod,  which  is  suspended  in  a  horizontal  position. 
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Fig.  137. — The  Moebius  apparatus — scheme  of  electrical  connections. 

At  each  end  of  this  rod,  where  it  projects  beyond  the  edges  of 
the  silver  plate,  is  attached  a  supporting-hook,  v,  which  serves 
to  suspend  the  cathode  from  the  positive  (P)  and  negative  (N) 
conductors  of  the  bath ;  the  hook  on  the  one  side  is  therefore 
placed  in  direct  metallic  connection  with  the  negative  lead,  N, 
but  that  on  the  other  side  is  insulated  from  the  positive  conductor, 
P,  as  shown  in  Fig.  134.  The  advantage  of  this  arrangement  is 
that  both  conductors  are  made  available  as  supports,  while  only 
one  is  used  to  convey  the  current. 

The  conductors,  P  (  + )  and  N  ( - ),  are  thick  copper,  brass,  or 
bronze  rods  ;  and  these  rods  must  not  only  be  thick  enough  to 
carry  the  required  current,  but  they  must  obviously  be  capable 
also  of  bearing  the  weight  of  the  electrodes  and  their  supports. 
The  several  sections  of  the  vat,  usually  seven  in  number,  are 
electrically  coupled  in  series,  as  shown  in  the  scheme  of  connec- 
tions sketched  in  Fig.  137. 

The  arrangement  of  the  scrapers,  s,  is  shown  in  Figs.  134,  135, 
and  136;  they  are  simply  wooden  slats,  of  which  two  pairs  are 
provided  for  each  cathode  plate.  They  are  forked,  so  as  to 
embrace  the  cathodes  from  above,  and  are  supported  by  the 
frame,  F,  shaped  like  a  grid-iron,  by  which  the  necessary  re- 
ciprocating motion  is  imparted  to  them.  The  frame  is  supported 
on  rollers,  which  run  over  the  rails,  n,  these  being  securely 
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fastened  to  stringers  forming  part  of  the  framework,  O,  of  the 
top  of  the  vat.  The  frame  is  moved  to  and  fro  by  means  of  a 
sliding  cam-rail,  which  is  attached  to  one  of  the  short  sides  of 
the  vat,  and  to  which  a  reciprocating  motion  is  imparted  by  an 
eccentric.  The  attachment  between  them  is  made  by  a  hinged 
pin  on  the  frame,  which  engages  with  a  socket  in  the  slide-bar. 
The  frame,  O,  together  with  all  parts  of  the  apparatus  that  dip 
into  the  bath,  may  be  raised  at  one  operation  by  the  lifting 
arrangement  indicated  in  Fig.  134. 

The  flat  wooden  boxes,  C,  serve  as  collecting  trays  for  the 
muddy  deposit  of  silver.  They  are  so  made  that  they  may  be 
lowered  with  sufficient  clearance,  one  into  each  of  the  compart- 
ments of  the  vat.  Thin  strips  of  wood  are  attached  to  the  sides 
of  the  tray,  and,  being  extended  upwards,  are  fastened  to  the 
electrode  frame,  so  that  the  whole  may  be  lifted  out  of  the  bath 
together.  The  bottom  of  the  tray  consists  of  a  grid  of  laths, 
fastened  by  pins,  dowelled  into  the  wooden  sides  of  the  tray. 
Before  starting  the  electrolysis,  this  grid  is  covered  with  coarse 
filtering  cloth  or  sacking,  in  order  that  the  silver  crystals  may  be 
retained  in  it  when  the  tray  is  raised  from  the  vat.  By  knocking 
out  the  connecting-pins,  the  bottom  may  be  at  once  detached 
from  the  sides  of  the  tray  when  it  has  received  its  charge  of 
silver  and  after  removal  from  the  vat. 

The  baths  are  filled  with  a  weak  acidulated  solution  of  silver 
nitrate  as  electrolyte,  or,  if  desired,  the  work  may  be  begun  with 
very  dilute  nitric  acid.  As  soon  as  the  above  described  apparatus 
has  been  placed  in  the  bath  the  electrical  connections  may  be' 
completed.  The  maintenance  of  a  constant  current  density  is  of 
far  less  importance  in  this  process  than  in  most  electrolytic 
operations.  Especially  at  the  outset,  or  so  long  as  the  solution 
contains  but  little  copper,  a  very  high  current  density  is  permis- 
sible ;  it  may  exceed  300  amperes  per  sq.  metre  [0*2  ampere  per 
sq.  in.].  In  course  of  electrolysis  the  copper  from  the  anode 
(which  may  frequently  contain  only  95  per  cent,  of  silver)  grad- 
ually accumulates  in  the  bath,  so  that  the  proportion  of  copper 
present  will,  on  the  average,  be  higher  than  that  of  silver.  The 
former  may  amount  to  about  4  per  cent.,  and  the  latter  to  0*5  per 
cent.,  when  from  0*1  to  1  per  cent,  of  free  nitric  acid  are  present. 
It  is  essential  that  as  the  percentage  of  copper  increases  the  pro- 
portion of  nitric  acid  be  also  raised  ;  the  current  density  should 
be  lowered  to  about  200  amperes  per  sq.  metre  [0*13  ampere  per 
sq.  in.].  The  electromotive  force  required  will  usually  vary  from 
1*4  to  1*5  volts  per  cell.  In  each  of  the  compartments  shown  in 
Figs.  133  to  137  a  current  of  150  amperes  (with  an  available 
cathode  area  of  0*75  sq.  metre,  or  8  sq.  ft.)  should  suffice  to 
transfer  21*6  kg.  [47^  lbs.]  of  silver  from  the  anode  to  the  cathode 
in  36  hours.  Now,  if  three  rows,  each  with  five  anodes  of  the 
above-named  dimensions,  be  suspended  in  the  baths,  about  1*5 
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kg.  [3*3  lbs.]  of  silver  will  be  dissolved  from  everj  anode  plate 
(or,  in  other  words,  almost  the  whole  of  the  silver  introduced 
will  have  been  carried  over  to  the  cathode)  in  the  time  quoted. 
It  is,  therefore,  possible  to  treat  quite  considerable  quantities  of 
silver  within  a  small  area ;  moreover,  the  metal  is  only  locked 
up  in  the  apparatus  for  a  short  time,  which  is  a  very  important 
consideration  in  dealing  with  the  precious  metals.  The  cost  of 
the  process  is  not  high,  as  may  be  easily  calculated  from  the  data 
given  above ;  the  separation  of  gold  is  practically  complete ;  and, 
finally,  the  operation  is  conducted  without  any  evolution  of  gas. 
In  spite  of  the  high  current  density,  the  heating  of  the  solution 
is  very  slight,  thanks  to  the  high  electrical  conductance  of  the 
electrode  and  electrolyte,  and  especially  to  the  constant  movement 
of  the  solution  caused  by  the  motion  of  the  scrapers. 

At  intervals  of  24  hours  the  whole  of  the  apparatus  suspended 
in  the  bath,  including  the  silver  trays,  should  be  lifted  out  by 
means  of  its  supporting  frame.  After  allowing  the  trays  to 
drain  into  the  bath  they  are  separated  from  the  electrode  frames 
and  taken  to  the  washing  plant  in  order  that  they  may  be 
emptied  of  silver  deposit.  This  emptying  is  done,  as  already  in- 
dicated, by  removing  the  pins  which  hold  the  bottom  grids  and 
the  filtering  cloth  to  the  sides  of  the  trays.  The  silver  is 
washed,  pressed  by  hydraulic  power,  dried,  and  melted  together. 
The  anode  cells  are  emptied  once  or  twice  a  week,  according  to 
the  proportion  of  gold  in  the  silver  that  is  being  refined.  The 
further  treatment  of  the  anode  deposit  will  depend  upon  its 
composition.     (See  Gold.) 

[The  Pennsylvania  Lead  Company's  Plant. — This  Com- 
pany have  had  the  Moebius  process  in  operation  at  their 
Pittsburg  Works  since  1886,  and  a  valuable  account  of  their 
present  practice  has  been  given  by  Faunce.*  It  is  stated  that 
there  are  14  tanks,  each  of  which  is  divided  into  seven  separate 
electrolyte  cells,  but  that  they  are  not  all  in  constant  use.  The 
details  of  the  plant  are  similar  in  most  respects  to  those  of  the 
Frankfurt  installation.  The  current  density  iised  is  0*125  amp. 
per  sq.  in.  of  cathode  surface,  and  with  a  solution  of  silver  and 
copper  nitrate  containing  ^  to  1  per  cent,  of  free  nitric  acid,  and 
a  space  of  about  1}  in.  between  the  electrodes,  it  is  reckoned 
that  each  kilogramme  of  silver  deposited  requires -about  |-  H.P.- 
hour;  in  other  words,  80  oz.  of  silver  is  the  equivalent  of  1  H.P.- 
hour.  The  average  outturn  of  70  baths  amounts  to  33,000  oz. 
per  diem,  and  the  metal  (which  before  use  has  been  refined  by 
cupellation  until  it  contains  less  than  2  per  cent,  in  all  of  lead, 
copper,  bismuth,  and  other  impurities)  is  so  far  purified  by 
the  electrolytic  process  that  the  crystals,  when  run  into  ingots, 
afford  a  metal  999  to  999^  fine.f     The  anode  slimes,  after  being 

*  [Joum,  Franklin  Inttit.,  1895,  and  Mineral  Industries^  1895,  vol.  iv., 
p.  355.]  t  [99*9  to  09-95  per  cent,  of  silver.] 
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mnlated  and  part«d,  field  gold  thftt  should  be  996  to  998  fine, 
^hen  the  proportion  of  copper  in  the  electrolyte  riseB  much 
above  4  to  5  per  cent,  the  solution  must  he  run  off  from  the  vats 
and  purified  to  remove  the  copper  and  lead  that  it  contains. 
But  little  copper  should  he  present  in  the  anodes,  as  otherwise 
this  metal  would  tend  to  be  deposited  with  the  silver.  The  coat 
of  labour  in  the  process  is  comparatively  slight,  a  staff  of  three 
men  by  day  and  one  by  night  sufficing  for  the  whole  of  the  work 
in  connection  with  the  management  of  the  plant,  as  well  aa  for 
the  melting  of  the  silver  and  the  refining  of  the  gold.  In 
addition  to  these  hands  a  carpenter  is  employed  daily  in  repair- 
ing and  renewing  the  tanks  (about  one-seventh  of  the  whole 
number  being  always  thrown  out  of  use  for  repairs),  and  a  mason 
and  a  machinist  are  also  required  about  one  day  a  week  for 
general  work. — Translator.] 


fig.  13S.— The  Moebiue  proceis  ;  later  form  of  appuatas. 
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Later  Form  of  Hoebiiu  Apparatus. — In  a  newer  form  of 
apparatus,*  shown  in   Figs.   138,   139,  and  140,   Moebius   has 
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arranged  that  the  silver  shall  be  deposited  upon  an  endless  band 
of  sheet-silver,  0  [^  in.  thick],  which  constantly  travels  over 
the  rollers,  B,  6,  in  the  direction  indicated  by  the  arrows  in 
Fig.  138.  From  this  moving  cathode  plate  the  deposited  silver 
is  carried  out  of  the  tank,  A,  by  the  conveyor-belt,  D,  and 
delivered  into  the  vessel,  R,  with  the  aid  of  the  scraper,  S.  The 
rollers  are  actuated  by  a  pulley  outside  the  vat  and  the  chain- 
belt,  n  O.  Within  the  frame,  £,  are  the  anodes,  G,  of  gold- 
bearing  silver  placed  upon  a  permeable  support  of  densely- 
woven  filter  cloth,  or  of  porous  clay  or  the  like.  The  electrical 
connection  between  the  anodes  and  the  conductor,  K,  is  effected 
by  the  wires,  M.  These  wires  (compare  Fig.  140)  are  made  of 
copper  with  a  platinum  cap,  ^,  beneath,  any  other  portion  of  the 
wires  that  will  be  immersed  in  the  bath  being  protected  by 
caoutchouc  sleeves,  r.  The  brush,  F,  is  used  to  make  contact 
between  the  negative  conductor,  L,  and  the  cathode,  C.  An 
aqueous  solution  of  potassium  nitrate,  acidified  with  nitric  or 
sulphuric  acid,  is  employed  as  electrolyte ;  and  care  must  be 
taken  that  the  liquid  is  always  sufficiently  acid,  and  that  it 
contains  neither  too  much  copper  nor  too  little  silver. 

[The  Perth- Amboy  InstaUation. — The  Guggenheim  Smelting 
Company  (of  whose  installation  of  the  Thofehm  copper  process 
an  account  has  been  given  above)  have  erected  an  improved 
Moebius  plant,  similar  in  the  main  to  that  just  described,  at 
their  works  in  Perth  Amboy,  New  Jersey.  There  are  48 
electrolytic  tanks,*  forming  eight  groups  of  six  each.  Each  tank 
is  about  14  ft.  3  in.  long,  by  16  in.  wide,  by  7  in.  high^  and  is 
made  of  pitch-pine,  coated  with  acid-proof  paint.  In  order  to 
economise  fioor  space  the  tanks  are  placed  in  three  tiers,  one 
above  the  other,  with  a  space  of  I  ft.  6  in.  between  each  pair, 
the  top  of  the  uppermost  tank  being  5  ft.  6  in.  from  the  floor 
level.  Every  group  of  three  superposed  tanks  is  separated  from 
the  remaining  three  of  the  series  by  a  fioor  space  of  1  ft.  3  in., 
and  from  the  nearest  group  of  another  series  by  4  ft.  The 
cement  floor  of  the  building  slopes  to  a  collecting  pit  30  ft.  long 
by  4  ft.  by  4  ft.,  in  which  is  a  tank  for  the  preparation  of  the 
electrolyte.  The  latter  should  contain  4  to  5  per  cent,  of 
copper,  with  about  12  oz.  of  silver  per  cubic  foot  (0*13  per  cent.), 
and  about  O'l  per  cent,  of  free  nitric  acid.  As  the  electrolysis 
proceeds,  this  free  nitric  acid  becomes  gradually  neutralised  by 
copper  from  the  anode,  which  copper  passes  into  the  solution 
without  being  deposited  at  the  cathode.  Fresh  nitric  acid  is, 
therefore,  added  from  time  to  time  to  maintain  the  normal 
acidity  ;  those  anodes  which  contain  most  copper  requiring  -the 
use  of  most  acid.  On  an  average  it  is  found  that  1^  lbs.  of 
acid  (1*35  s p.  gr.)  is  necessary  for  each  1000  oz.  of  dor6  silver 

*  [This  note  is  taken  from  the  account  in  the  MmercU  Industry,  1895, 
vol.  iv.,  p.  356.] 
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treated.  The  lead  in  the  electrolyte  is  removed  by  the  addition 
of  a  little  sulphuric  acid  at  intervals  to  the  solution  in  the 
collecting  tank,  whilst  about  once  in  four  months  a  portion  of 
the  liquid  is  replaced  by  fresh  liquor  to  prevent  undue  enrich- 
ment as  to  copper. 

In  each  tank  there  are  six  frames  (E,  Fig.  138),  18  in.  by  18 
in.  by  1  in.  with  muslin  diaphragms,  and  every  frame  is  so 
divided  as  to  hold  four  anodes  in  separate  compartments,  the 
anodes  measuring  15  in.  by  3^  in.  by  ^  in.  each,  and  being  com* 
posed  of  silver  dor6  980  fine,  containing  0*3  to  0*8  per  cent,  of 
gold.  The  silver  cathode  belt  is  31  ft  long  by  15  in.  wide,  and 
is  coated  once  a  fortnight  on  the  outer  surface  with  a  graphite 
composition,  to  prevent  the  firm  adhesion  of  the  deposited 
crystals.  The  belt  travels  at  the  rate  of  3  ft.  per  minute,  the 
rollers  being  made  of  gutta-percha.  The  electrolyte  is  circulated 
through  each  group  of  tanks  by  gravity,  ultimately  flowing  back 
into  the  collecting  reservoir,  from  which  it  is  pumped  into  a 
distributing-tank  at  a  higher  level  after  it  has  been  made  up  to 
the  right  composition  for  use. 

The  generating  plant  is  larger  than  is  required  for  present 
needs,  but  is  now  producing  220  amperes  at  90  volts  and 
depositing  24,000  oz.  of  silver  per  diem.  The  tanks  are  connected 
in  series,  each  requiring  a  pressure  of  1}  to  2  volts ;  and  each 
receiving  a  deposit  of  660  to  700  oz.  of  silver  per  24  hours. 
Exclusive  of  engine  and  dynamo,  the  prime  cost  of  the  plant 
necessary  to  treat  30,000  oz.  of  silver  dor6  a  day  is  estimated  at 
(6000,  and  the  cost  of  refining  is  reckoned  at  present  to  be  about 
^c.  (yV^.)  per  oz.,  including  the  materials,  interest,  fuel,  (be,  and 
the  services  of  three  men  by  day  and  two  by  night  and  of  one 
melter  (each  at  (2.25  per  diem),  but  excluding  general  charges, 
superintendence,  and  royalty.  A  detailed  estimate  is  given,  but 
is  not  reproduced  here,  as  the  figures  are  not  yet  considered  to 
be  perfectly  reliable,  owing  to  the  short  time  that  the  process 
has  been  in  operation. — Translator.] 

The  House-Symon  Frooess. — Another  form  of  apparatus 
has  been  introduced  by  House,  House  &  Symon,*  but  nothing  is 
known  concerning  its  use  excepting  the  statements  of  the  patent 
specifications.  At  the  present  low  price  of  silver  the  further 
introduction  even  of  the  approved  Moebius  apparatus,  to  say 
nothing  of  new  modifications,  is  not  without  its  difi&culties.  The 
new  arrangement  ofiers  no  simplification  of  connections  or  of 
the  moving  parts,  as  compared  with  the  older  type,  and  it  will 
therefore  sufiice  here  to  give  references  to  the  patent  specifi- 
cation. 

The  Separation  of  Copper-Silver- Gold  Alloys. — Alloys 
containing  the  precious  metals,  together  with  about  60  per  cent. 

*  English  Patent  16,002,  August  22,  1884.     [See  Joum.  Soe.  Chem.  Ind,^ 
1894,  vol.  xiii,  p.  1068.] 
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of  copper,  are  obtained  by  melting  down  old  gilt  and  silver-plated 
ware  and  the  scrap  from  the  working  of  gold.  Hitherto  these 
alloys  have  been  (and  even  now  are  for  the  most  part)  treated  by 
Roessler's  process.  The  granulated  metal  is  melted  with  sulphur, 
so  that  it  may  be  first  separated  into  cuprous  sulphide  contain- 
ing  silver,  and  silver  alloyed  with  gold.  The  author  has  had 
considerable  experience  with  the  electrolytic  treatment  of 
such  material,  and  he  gave  an  account  of  the  experiments  in 
1893.* 

In  order  to  apply  the  above-described  Moebius  process  to  the 
separation  and  immediate  re-deposition  of  silver,  either  from 
insoluble  metals  or  from  metals  which  are  less  readily  prcjcipitated 
than  itself,  it  would  be  necessary  that  the  insoluble  metals 
present  should  form  but  a  small  proportion  of  the  whole  anode, 
oecause  it  is  essential  that  on  the  solution  of  the  silver  from  the 
surface  of  the  anode,  the  cohesion  of  the  residual  matter  should 
be  completely  destroyed,  and  the  residue  itself  should  be 
detached  from  the  anode  in  the  shape  of  a  loose  powder.  These 
conditions  must  always  be  aimed  at,  not  only  in  the  treatment 
of  the  rich  silver  alloys  by  the  Moebius  process,  but  in  that  of 
copper  alloys  by  a  system  of  electrolytic  refining.  In  either 
case  a  dense  cohesive  residue,  whether  metallic,  and  therefore  of 
high  conductance,  or  non-metallic,  and  of  low  conductance,  can 
only  be  prejudicial  to  the  progress  of  the  work. 

If,  therefore,  adopting  the  copper  refining  process  as  the  basis 
of  the  separation,  the  alloy  be  made  the  anode  in  an  electrolyte 
of  copper  sulphate,  copper  a^one  will  pass  into  solution.  But 
the  insoluble  metals  will  remain  on  the  surface  in  comparatively 
dense,  although  somewhat  brittle  and  easily  crumbled,  masses. 
Some  metal  slime  will,  it  is  true,  sink  to  the  bottom  of  the  vat, 
but  it  will  also  happen  that  fragments  broken  off  from,  or  flakes 
still  attached  to,  the  anode  will  fall  or  lean  over  against  the 
cathode,  and  so  cause  a  short  circuit.  These  fragments  may  be 
detached,  or  even  broken  off  by  gentle  blows,  but  only  so  long 
as  the  anode  plates  are  comparatively  thick.  Then,  again,  on 
account  of  the  longer  adhesion  of  the  fragments  to  some  parts 
of  the  plate  than  to  others  the  anodes  are  dissolved  irregularly, 
some  portions  being  much  thinner  than  the  remainder,  so  that 
there  is  a  ^reat  risk  of  large  detached  pieces  of  unaltered  alloy 
finding  their  way  into  the  residue.  This  irregular  solution  of 
the  plates  prt)ducing  unequal  thickness  necessarily  leads  also  to 
the  premature  disintegration  of  the  mass.  The  frequent  presence 
of  comparatively  large  fras;ments  of  the  original  alloy  in  the 
residue  at  the  end  of  the  operation  causes  as  much  trouble  and 
expense  in  treating  it  as  if  another  method  of  separating  the  alloy 
had  been  adopted  from  the  first. 

For  the  alloys  under  discussion,  therefore,  an  electrolyte  must 
*  Btrg-  und  ffaUenmdnnUehe  Zeitung,  1893,  pp.  251,  269. 
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be  selected  which  ihall  efieot  the  solution  of  silver  as  well  as  of 
capper  at  the  anode.  In  this  case  the  qnantitj'  of  reeidne,  which 
GODsista  for  the  most  part  of  gold,  will  almost  always  be  so  far 
rednced  in  quantity  that  the  required  conditions  will  be  fulfilled. 
Otherwise,  the  alio;  most  be  remelted  with  so  mach  copper  that 
the  proportion  of  gold  in  the  resulting  material  shall  not  exceed 
20  per  cent.,  while  it  is  better  that  it  should  fall  below  IS  per 
cent. 

BoTohers'  Apparatiu,  —  The  alloy  should  be  granulated 
before  treatment.  The  electrolyte  may  be  either  dilute  nitric 
acid  or  an  aqueous  solu- 
tion of  nitrates,  among 
which  copper  nitrate  is  the 
most  suitable.  The  form 
of  the  apparatus  to  be 
used  depends  upon  the 
nature  of  the  residual  gold, 
which  may  consist  of  a 
heavy  powder,  of  flocculent 
masses,  or  even  of  very 
fine  metallic  particles  that 
may  remain  mechanically 
suspended  in  the  electro- 
lyte. In  all  three  cases 
the  residue  is  easily  de- 
tached from  the  portion  of 
the  anode  not  yet  attacked ; 
and  ita  separation,  there- 
fbre,  ofiers  but  little  diffi- 
culty, as  will  be  binder- 
stood  from  the  following 
description  of  the  method 
of  using  the  apparatus  illus-  ^ 

trated  in  Figs.  141  to  144.  Fig_  j^j,  Fjg_  142. 

!^^^  /"*"8*'".^°''      "      Borchen-  electrolytic  mU  for  the  tr»t- 
adapted  for  use  with  pro-  meat  of  aUoys. 

ducts     which     deposit     a 

relatively  heavy  insoluble  residue.  It  is  well  known  that 
only  those  bodies  will  sink  through  an  ascending  current  of 
water  which  are  capable  of  sinking  throngh  still  water  with  a 
velocity  greater  thra  Chat  of  the  current  to  which  they  are 
exposed.  All  other  bodies  are  either  held  in  suspension  or  are 
carried  along  by  the  current.  In  these  two  figures,  g  is  the 
electrolysis  vessel,  in  which  is  inserted  a  cell,  d,  provided  with 
perforated  double  walls  at  the  sides.  This  cell  runs  the  whole 
length  of  the  outer  vessel,  and  therefore  divides  it  into  three 
compartments,  the  inner  cathode  cell,  k,  and  the  two  outer 
anode  Bpace«t  a.     The  prismatic  trough,  g,  terminates  below  ia 
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a  spitzkasten*  or  pointed  box,  with  an  inclined  channel  and  exit 
pipe,  r. 

The  anode  compartments,  a,  are  filled  with  granulated  alloy. 
The  electrolyte  flows  into  the  cathode  cell,  ky  within  which  the 
metal  is  deposited  upon  a  suspended  metal  plate.  The  bulk  of 
the  solution  flows  through  the  tube,  «,  into  the  spitzkasten 
below,  and  hence  rises  into  the  anode  compartment  above. 
The  heavy  particles  of  residual  matter  remaining  from  the 
decomposition  of  the  anodes  sink  through  the  ascending  current 
of  liquid  and,  finding  their  way  through  a  layer  of  coarse  spheres 
made  of  non-conducting  material  with  polished  surfaces,  remain 
at  the  bottom  of  the  trough ;  they  are  run  off  through  the 
opening  below,  either  continuously  or  from  time  to  time,  and  are 
accompanied  by  a  small  proportion  of  liquid.  The  electric  current 
is  conducted  to  the  granulated  anode  metal  through  jointed 
rods  of  the  same  alloy  as  the  anode  itself.  Each  rod  terminates 
at  one  end  in  a  point,  and  at  the  other  it  has  a  corresponding 
socket.  The  conducting  connections  are  dissolved  simultaneously 
with  the  rest  of  the  material ;  but  that  is  no  disadvantage  in  this 
case,  because  another  length  of  rod  may  be  inserted  into  one 
that  is  dissolving  away  and  is  sinking  deeper  into  the  trough. 
The  top  joint  of  this  compound  rod  is  connected  to  the  conduct- 
ing cable  by  means  of  a  point  of  the  same  shape  as  those  used  for 
the  alloy-rods.  The  hollow  space  between  the  double  walls,  d,  of 
the  cathode  cell  is  filled  up  with  a  filtering  medium,  which  should 
be  so  dense  that  only  a  small  quantity  of  liquid  may  penetrate, 
through  it^  although  it  allows  the  electric  current  to  pass  freely. 
The  electrolyte,  after  flowing  through  the  cathode-  and  anode- 
compartments,  enters  above  the  inner  and  lower  rim  at  the  top 
of  the  vessel,  g,  into  a  channel  through  which  it  is  carried  off  to 
be  treated  (in  some  cases,  after  filtration)  for  the  precipitation 
of  one  or  other  of  its  constituents,  prior  to  its  return  to  the 
cathode  cell  of  the  same  or  of  a  similar  vat. 

Another  form  of  the  apparatus  is  shown  in  Figs.  143  and  144. 
It  has  the  advantage  that  the  layers  of  anode  material  are  not  so 
high  as  in  the  previous  type,  so  that  the  lower  portions  of  the 
granulated  metal  are  not  subjected  to  premature  disintegration  or 
to  pressure.  However,  this  form  allows  of  a  considerably  higher 
current  density  at  the  anode,  owing  to  the  extended  cathode 
area,  as  compared  with  the  older  cell ;  and  the  work  of  solution 
progresses,  therefore,  to  a  corresponding  extent  more  rapidly. 
Finally,  the  partial  separation  of  various  relatively  heavy  con- 
stituents may  be  effected.  In  this  case  only  one  anode  chamber, 
a,  is  provided  for  each  electrolysis  tank,  g ;  it  is  shown  in  the 
figures  to  the  lefb  of  the  cathode  compartment,  k.    The  partition 

*  [The  Spitzkasten  is  a  special  form  of  washing  apparatus  used  in  the 
dressing  of  fine-crashed  ores  for  the  separating  of  oertain  heavy  oonstitaente 
from  the  remainder  by  means  of  a  stream  of  nmning  water. — TRAH8LA,Toa]. 


sepanting  the  two  BeotioQS  of  tb«  vat  is  so  made  that  only  the 
electric  current  may  pass  throogh  it,  as  In  the  prerions  plant. 


The  cathode  is  placed  in  a  wide  compartment,  and  ooosists  of  a 
hollow  cylinder  of  sheet-metal  beat  orer  a  wooden  roller  (Fig. 
143)  that  can  be  rotated  from  without;  or,  the  core  being  omitted. 
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it  may  be  rotated  by  two  narrow  rollers  placed  above  the  liquid 
as  shown  in  Fig.  144.  Connection  is  made  with  the  negative 
oonductor  by  the  brushes  placed  above,  these  being  pressed  against 
the  surface  by  a  spring.  The  electrolyte  is  introduced  into  the 
cathode  compartment^  where  the  metal  is  deposited  on  the 
surface  of  the  revolving  cathode;  it  then  passes  through  a  series 
of  openings,  o,  into  the  anode  compartment,  and,  flowing  first 
downwards,  and  circulating  among  the  granules  of  the  alloy,  it 
finally  rises  again  into  the  free  space  to  the  right.  This  flow  of 
solution  carries  down  with  it  all  the  insoluble  residue  washed  off 
the  surface  of  the  anode  granulations.  A  current  of  liquid  is 
caused  to  enter  the  contracted  well,  g^  at  the  bottom  of  the  vat 
through  a  long  and  narrow  slot,  and  this  liquid  mingles  with  the 
electrolyte,  and  so  increases  the  rate  at  which  it  travels  upwards 
through  the  right-hand  portion  of  the  vat.  By  regulating  this 
rate  of  flow  it  is  possible  to  effect  a  separation  of  the  light  from 
the  heavy  particles  of  the  residue  in  suspension.  The  heavier 
portion  of  the  slime  escapes  through  the  slot  and  the  tube,  r, 
which  is  connected  with  it  as  in  the  apparatus  previously 
described.  The  solution  that  is  admitted  mechanically  to  assist 
the  separation  enters  the  slot  by  the  tube,  z.  The  electrolyte, 
after  passing  through  the  vat,  overflows  through  a  channel 
above,  exactly  as  shown  in  Figs.  141  and  142.  After  filtering 
the  saturated  solution,  and,  if  necessary,  separating  some  of  the 
dissolved  constituents,  it  is  returned  to  the  cathode  cells  where 
the  metal  that  is  most  easily  separated  electroly  tically  from  the 
remainder  will  be  deposited. 

The  author  has  treated  ores  and  smelting  products  containing 
the  precious  metals,  with  apparatus  of  the  type  just  described, 
but  put  together  in  the  most  primitive  manner  from  scrap  and 
lumber ;  and  yet  the  results  were  quite  satisfactory.  The  ex- 
periments were  made  in  an  American  factory,  and  extended  over 
some  ten  years.  A  properly  constructed  apparatus  was  then 
put  together,  but  was  not  used  on  account  of  the  author's  return 
to  Germany. 

The  Dietzel  Apparatna. — An  apparatus  patented  by  Dietzel* 
for  the  same  purpose  is  based  to  some  extent  on  the  same  idea. 
A  vat  with  a  bottom,  sloping  either  towards  the  middle  or  to 
one  side,  is  lined  with  carbon  plates,  on  which  the  granulated 
metal  to  be  treated  is  gradually  moved  downwards  with  the  aid 
of  suitable  mechanism.  The  cathodes,  which  are  suspended 
in  the  copper  nitrate  electrolyte,  consist  of  straight  copper  plates 
or  of  sheet  copper,  bent  over  wooden  cores  into  cylinders,  and 
are  enclosed  within  open  wooden  vats,  of  which  the  bottoms  are 
formed  of  a  dense  filtering  medium,  such  as  linen.  These  vats 
must  be  of  sufficient  size  to  allow  ample  room  for  the  introduc- 
tion and  movement  of  the  grains  of  alloy.     The  latter  is  con- 

•Qerman  Patent  68,090. 
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nectedy  as  the  anode  in  the  circuit,  by  contact  with  plates  of 
conducting,  but  not  soluble,  material  at  the  bottom  of  the  bath. 
The  circulation  of  the  electrolyte  and  the  progress  of  the  opera- 
tion is  as  follows : — 

(1)  Introduction  into  the  cathode  compartment,  with  separa- 
tion of  copper.  (2)  Penetration  through  the  filter  at  the  bottom 
of  the  cathode  cell  into  the  space  around  the  anode,  where  copper 
and  silver  are  dissolved,  and  gold  is  left  as  a  residue.  (3) 
Transfer  to  the  filtering  and  precipitating  plant,  where  any  gold 
previously  held  in  suspension  is  caught,  and  silver  is  precipitated 
by  means  of  copper.  U)  Re-introduction  of  the  copper  nitrate 
solution  into  the  cathoae  compartment. 

Since  the  plates  to  be  employed  in  making  connection  between 
the  positive  lead,  and  the  anode  must  be  *'  conductant  but  in- 
soluble," it  will  be  remarked  that  carbon  is  not  here  available. 
It  is  well  known  that  carbon  plates  have  but  a  short  existence 
under  the  influence  of  such  high  current  densities  as  are 
necessary  [for  economic  reasons]  in  the  treatment  of  valuable 
raw  materials.  In  this  case  the  ordinary  disintegration  of 
the  plates  would  be  greatly  hastened  by  the  mechanical 
action  of  the  grains  of  alloy  as  they  slowly  move  over  the 
surface  of  the  carbon.  No  doubt  the  mere  consumption  of 
carbon  would  not  be  a  very  heavy  charge,  taking  into 
account  the  value  of  the  metal  under  treatment,  for  even 
the  best  carbon  plates  in  these  days  are  not  costly.  But  the 
carbon  powder  resulting  from  the  disintegration  of  the  plates 
would  mix  with  the  pulverulent  gold  residue  from  the  anodes 
in  such  quantities,  that  the  separation  of  the  two  materials  would 
prove  to  be  a  more  difficult  problem  even  than  the  separation  of 
the  original  alloy  components. 

In  a  newer  modification  of  this  apparatus,  described  in  a 
private  communication  written  by  Dr.  Dietzel  to  the  author, 
the  platinum  wires,  P  (Fig.  145),  are  substituted  for  carbon  plates. 

In  order  to  accomplish  the  introduction  and  movement  of  the 
alloy,  S,  beneath  the  diaphragm,  D,  more  conveniently  (especially 
in  certain  cases,  such  as  the  treatment  of  large  quantities  of  base 
alloys),  the  vat,  which  is  constructed  in  the  shape  of  an  inverted 
roo^  or  with  an  otherwise  sloping  bottom,  is  made  as  elongated 
as  possible,  and  the  support  for  the  alloy,  S,  is  provided  with 
rollers,  r,  which  run  on  the  rail,  s.  In  this  way  it  is  possible  to 
convey  the  residual  slime  from  the  treatment  of  the  alloy  to 
openings  at  the  ends  of  the  long  sides  of  the  vat,  or  to  introduce 
fresh  material  in  the  same  way. 

The  composition  of  the  raw  material  may  average  55  per  cent, 
of  copper,  36  per  cent,  of  silver,  and  6^  per  cent,  of  gold,  together 
with  some  zinc,  lead,  tin,  nickel,  cobalt,  iron,  manganese,  alu- 
minium, platinum,  &o.  The  alloy  is  cast  into  plates,  S,  about 
3  to  4  mm.  \i  in.]  thick,  which  are  then  laid  upon  the  platinum 
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wire  conductong.  The  electrolyte  consists  of  &  slightly  acid 
solution  of  copper  nitrate,  with  3  to  5  i>er  cent,  of  copper  and 
small  quantitioH  of  free  acid.  On  the  admission  of  the  liqaors 
into  the  cathode  compartment,  the  proportion  of  free  acid  should 
be  at  least  01  p>-r  cent  ;  but  should  not  exceed  0'2  to  0'4  per 
cent  at  most.  This  proportion  may  be  legulated  by  the  addi- 
tion, as  required,  of  a  strongly  aciil  solution  of  silver  and  copper, 
which  is  obtaine'l  from  the  treatment  of  the  gold  slimes  with 
boiling  nitric  acid. 

The  form  of  the  dia|ihragm,  D,  remuns  practically  the  same  as 
that  originally  ailo|>ted.  As  already  indicated,  the  diaphragm 
itself  consists  of  close  linpn  cloth  stretched  obliquely  across  the 
bottom  of  the  cathode  compartment.     The  slanting  position  is 


Solution  ruD  ofl. 
Fig.  146.— Dietzsl^alloy.separatiogTftt. 

adopted,  because  after  the  bulk  of  the  silver  and  copper  have 
been  dissolved  from  the  anode  material,  a  considerable  quantity 
of  oxygen  is  necessarily  generated  in  contact  with  the  insoluble 
residue,  owing  to  the  high  current  density  used ;  sjid  this  oxygen 
must  of  course  be  conducted  freely  away  from  the  cathode  cell. 
The  cathodes  consist  of  rotating  copper  cylinders,  K,  the  surface 
of  which  is  coated  with  a  thin  layer  of  graphite,  so  that  the 
electrolytic  copper  may  be  readily  Btrip|)ed  from  it,  as  soon  as  it 
has  been  deposited  to  a  sufficient  thickness. 

The  methods  used  in  conducting  the  operations  remain  un- 
altered. Many  details,  no  doubt,  require  farther  development, 
as  in  the  cose  of  all  new  processes.  But  over  a  ton  of  metal  has 
already  been  separated  in  this  manner. 
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A  namber  of  other  methods,  which  have  been  brought  forward 
for  the  extraction  of  the  precious  metals,  will  be  discussed  in  the 
next  chapter,  at  least,  so  far  as  they  are  founded  upon  practicable 
ideas. 

Applications  of  Silyer. — Silver  is  not  very  extensively  used 
in  the  pure  condition  on  account  of  its  inferior  strength.  Ex- 
cepting, therefore,  for  the  production  of  pure  compounds  of  silver, 
which  are  very  largely  employed,  especially  in  photography,  and 
for  scientific  instruments,  chemical  apparatus,  and  silver-plated 
articles,  it  is  almost  always  alloyed  with  copper.  These  alloys, 
which  contain  up  to  90  per  cent,  of  silver,*  are  very  generally 
used  for  coinage  purposes,  and  for  the  production  of  household 
implements  and  objects  of  art,  or  silversmith's  work. 


CHAPTER     III. 

GOLD. 


Properties  of  the  Metal. — Gold  (Au;  atomic  weight  —  197; 
specific  gravity  « 19'3)  is  a  yellow  metal  with  a  brilliant  lustre ; 
it  is  strong,  and  is  the  most  malleable  of  all  metals.  On  account 
of  its  softness  and  its  other  mechanical  properties  a  fractured 
surface  shows  no  appreciable  crystalline  structure,  but  appears 
hackly.  Gold  melts  at  a  temperature  of  1035*"  C,  and  at 
about  2000^  C.  it  begins  to  vaporise.  Its  conductance  in  respect 
of  heat  and  electricity  is  very  high,  and  may  be  represented  by 
the  numbers  60  and  70  respectively,  if  the  conductance  of  silver 
be  regarded  as  100.  The  tendency  of  gold  to  absorb  gases  when 
in  the  molten  condition  is  very  small  as  compared  with  that  of 
silver.  On  the  other  hand,  the  solid  metal,  when  in  the  finely 
divided  condition,  is  capable  of  condensing  about  0*7  per  cent,  of 
electro-positive  gases  (H,  CO,  &o.).  In  its  power  of  dissolving 
or  being  dissolved  by  other  metals  it  is  very  similar  to  silver. 
The  alloys  of  these  metals,  particularly  those  with  lead,  mer- 
cury, copper,  and  zinc,  and  the  alloy  of  gold  with  silver,  have 
a  speciflJ  interest  for  metallurgists.  The  presence  of  a  very 
small  proportion  of  foreign  matter  (0*05  per  cent,  of  lead,  bismuth, 
or  tin ;  or  0*00003  per  cent,  of  antimony)  suffices  to  destroy  the 
malleability  of  gold  and  to  make  the  metal  weak  and  brittle. 

In  its  chemical  aspect^  gold  is  one  of  the  most  stable  of  metals. 
Its  oxides  and  sulphides  can  only  be  produced  indirectly,  and 
Are  very  easily  decomposed.     Halogens,  especially  chlorine  and 

*  [The  foreign  silver  currency  contains  90  per  cent,  of  silver.  In  England 
the  standard  alloy  for  coinage  and  plate  contains  92J  per  cent  of  silver  and 
7i  per  cent,  of  copper. — ^Tbanslator.] 
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bromine,  and  mixtures  (like  aqtM  regia)  which  evolve  thene 
elements,  attack  gold  readily.  Certain  salts,  such  as  the  thiosul- 
phates  and  cyanides,  may  form  with  metallic  gold  double  salts 
that  are  soluble  in  water  (SNajSjO,  +  AuSjOg  4-  4HnO ;  and 
AuCy .  KCy) ;  but  the  cyanides  require  the  presence  of  oxygen 
to  enable  them  to  dissolve  gold.  By  using  these  salts,  therefore, 
as  electrolytes  it  is  possible  to  dissolve  gold  at  the  anode  and 
to  reprecipitate  it  at  the  cathode.  Excepting  in  the  form  of 
thiosulphate,  gold  does  not  tend  to  play  the  part  of  base  to  oxy- 
gen acids,  but  its  oxide  may  act  as  an  acid  and  form  salts, 
termed  aurates,  with  other  bases.  Sulphide  of  gold  dissolves 
readily  in  solutions  of  the  alkaline  sulphides  to  form  thio-salts. 

Gold  may  be  precipitated  from  its  solutions  by  even  the 
weakest  reducing  agents,  and  is  thus  separated  in  the  metallic 
state  through  the  agency  of  hydrogen,  ]»ho8phorus,  arsenic,  anti- 
mony, carbon,  by  nearly  all  metals  (excepting  from  cyanide 
solutions,  from  which  it  can  only  be  deposited  by  zinc  and 
metals  more  electro-positive  than  zinc),  by  metallic  sulphides,  by 
the  proto-salts  of  iron,  tin,  &c,  by  hypophosphites,  sulphites, 
and  sulphur  dioxide,  by  the  lower  oxides  of  nitrogen,  and  by 
arsenic,  oxalic  acid,  and  many  organic  substances. 

Occurrence  of  Gold  in  Nature. — In  nature  gold  is  distributed 
over  a  very  wide  area,  but  it  is  present  in  only  very  small  pro- 
portion in  the  rocks  which  contain  it.  It  is  found  in  many 
veins,  rocks,  and  deposits,  but  only  in  a  few  places  in  sufficient 
quantity  to  repay  extraction.  It  occurs  almost  exclusively  in 
the  metallic  state,  although  usually  as  an  alloy  with  varying  pro- 
portions of  other  metals ;  it  is  only  known  with  certainty  to  be 
found  mineralised  in  the  form  of  telluride.  It  is  generally 
present  in  minute  quantities  in  the  ores  of  copper,  lead,  and 
silver. 

The  extraction  of  gold  from  ores,  metallurgical  products,  and 
waste  material  or  scrap,  has  been  accomplished  in  various  ways 
viz.,  by : — 

1.  Mechanical  treatment  (washing). 

2.  Solution  in  other  metals  (amalgamation  and  solution  in  lead). 

3.  Purely  chemical  solution  and  precipitation. 

4.  Electrolysis. 


1.   MECHANIOAIi   TREATMENT. 

Washing. — All  mechanical  processes  for  treating  auriferous 
materials  (natural  sands  or  artificially  crushed  rocks)  are  based 
on  the  circumstances  that,  in  streams  of  water  flowing  in  a 
horizontal  direction,  the  suspended  matter  which  has  the  highest 
specific  gravity  (gold,  therefore,  before  nearly  all  other  materials) 
will  sink  first  to  the  bottom,  whilst  those  which  are  specifically 
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lighter  are  carried  on  in  suspension  ;  and  that  in  currents  rising 
in  a  vertical  direction,  only  those  particles  will  be  held  in  sus- 
pension which  in  still  water  would  naturally  fall  with  a  velocity 
equal  to  or  less  than  that  of  the  ascending  stream.  For  the 
details  of  the  apparatus  required  for  this  washing  process  the 
reader  must  be  referred  to  works  on  ore-dressing  and  preparation. 
At  the  present  day  these  processes  are  practically  used  only  in 
conjunction  with  amalgamation. 


2.  SOLUTION  OF  THE  GOLD  IN  OTHEB  METALS. 

Treatment  with  Lead. — Oonceming  this  method  it  will 
suffice  to  refer  to  the  remarks  on  the  corresponding  method  of  ex- 
tracting sil  ver.  In  cases  where  the  system  is  adopted  (and  that  is,  of 
course,  where  lead  smelting  is  in  operation)  the  gold  ores  treated 
uniformly  contain  a  far  larger  proportion  of  silver  than  of  gold. 
When  copper  is  also  present  a  part  of  the  gold  always  passes 
into  the  copper-bearing  products,  such  as  the  matte  and  metallic 
copper,  <bc.  The  concentration  of  poor  work-lead  and  the  process 
pf  cupellation  have  been  sufficiently  described  in  the  Chapter  on 

Amalgamation. — It  has  already  been  stated  that  the  me- 
chanical preparation  of  auriferous  ores,  which  mostly  contain 
but  little  gold,  is  nearly  always  a  preliminary  to  the  process  of 
amalgamation  or  solution  of  the  precious  metal  in 
meroury.  Under  some  circumstances  the  ore  is  submitted 
to  an  oxidising  or  chloridising  roast  before  treatment  with 
mercury.  In  sluice  amalgamation  the  auriferous  gravel  is 
washed  down  by  powerful  jets  of  water  from  the  exposed  faces 
of  the  deposit,  and  is  treated  directly  with  mercury ;  but  this 
treatment  is  forbidden  in  California,  where  it  had  been  most 
used»  because  the  enormous  masses  of  gravel  to  be  disposed  of 
after  treatment  was  causing  the  silting  up  of  important  water- 
courses. In  contrast  to  the  amalgamation  of  most  silver  ores 
and  products,  in  which  the  silver  occurs  in  chemical  combination, 
the  amalgamation  of  gold  ores  is  practically  a  simple  process  of 
solution,  which  can  usually  be  accomplished  after  mere  mechani- 
cal crushing  aud  concentration.  In  some  cases  the  amalgamation 
is  begun  even  during  the  operation  of  crushing ;  in  other  cases 
the  mercury  is  only  applied  after  the  material  has  been  reduced 
to  a  powder  and  concentrated  by  a  suitable  washing  process. 
Iloasting  is  only  effected  in  a  few  cases  in  which  the  grains  of 
gold  are  so  enclosed  that  the  contact  with  mercury  would  be 
hindered. 
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8.    OHEMIOAIi   PBOCESSES    OF   EXTBACTIKG 
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Chlorination. — When  chlorine  acts  upon  finely  diyided  and 
moist  gold  ores,  which  are  free  from  sulphides,  arsenides,  and 
antimonides  (or  -which  have  been  previously  roasted  if  these 
substances  were  originally  present),  a  chloride  of  gold  is  formed 
that  is  readily  soluble  in  water.  For  the  purpose  of  chlorination 
the  ores,  whether  raw  or  roasted,  are  moistened  or  suspended  in 
water  (Plattner's  process).  The  chlorine  is  produced  outside  the 
chlorinating  vat,  and  is  then  led  into  the  mass  of  ore  in  the  latter 
▼essel ;  but  in  place  of  u^ing  free  chlorine  the  ore  may  be  mixed 
with  substances  which  are  capable  of  evolving  the  gas  in  aitu^  as, 
for  example,  sulphuric  acid  with  manganese  peroxide  and  common 
salt,  or  with  chloride  of  lime.  The  chloride  of  gold  is  subse- 
quently dissolved  by  treating  the  mass  with  water ;  and  the  gold 
is  precipitated  from  the  resulting  solution  by  the  addition  of 
ferrous  sulphate  or  soluble  sulphides  (H^S,  NagS,  Ca(HS)2),  or  by 
filtering  through  wood  charcoal,  which  reduces  and  retains  the 
precious  metal  on  its  surfaces.  In  the  former  case  the  precipitate 
of  gold  is  melted  with  suitable  fluxes  to  remove  small  quantities 
of  impurities ;  if  necessary  it  is  re-dissolved  and  re-precipi- 
tated prior  to  this  treatment.  In  the  latter  case  the  dried 
charcoal  is  burnt  off  in  reverberatories  or  small  blast  furnaces, 
and  the  gold  is  recovered  as  a  fused  mass  which  separates  easily 
from  the  melted  ash  of  the  charcoal. 

In  the  chlorination  of  gold  ores,  the  silver  remains  as  an  in- 
soluble chloride  in  the  residue,  and  may  be  afterwards  extracted 
by  treatment  with  a  solvent,  such  as  brine  or  thiosulphate 
solution. 

Bromine  may  be  used  as  a  substitute  for  chlorine  in  the 
treatment  of  gold  ores. 

Cyanide  Eztraotion  Process. — Metallic  and  mineralised 
gold  are  soluble  in  aqueous  solutions  of  potassium  cyanide. 
Oxygen  is  necessary  to  the  solution  of  metallic  gold  in  this  way 
as  Eisner  *  showed  nearly  50  years  ago — 

An,  +  4KCy  +  O  +  HjO  =  2KCy .  AuCy  +  2K0H. 

The  assertion  of  MacArthur  and  Forrest  to  the  contrary  is 
erroneous,  and  in  this  sense  their  patented  process  cannot  be 
considered  as  new.  Eisner's  statement  is  confirmed  by  later 
observations,  according  to  which  the  addition  of  an  oxidising 
agent  (such  as  sodium  peroxide  or  potassium  ferricyanide) 
accelerates  the  solution  of  the  gold.  In  practice  the  ores  are 
extracted,  first  with  dilute  solutions  of  potassium  cyanide  (0*8 
to  0*2  per  cent,  of  KCy)  and  then  with  water.     The  gold  is 

*  Eisner,  Joum,  f&r  praht,  Chem.,  1846,  vol.  zzzvii.,  p.  333. 
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obtained  from  the  resulting  solution  by  precipitation  with  zino 
or  aluminium,  or,  more  recently,  by  electrolysis.  (See  Section 
4  of  this  Chapter.) 

Bemoval  of  the  Impurities  by  Fusion. — This  treatment 
of  impurities  by  oxidation,  sulphurising,  or  chloridising  is 
practically  applied  only  to  alloys.  To  this  group  belons:  the 
oupellation  of  lead  containing  the  precious  metals  (see  Silver) ; 
the  separation  of  gold  from  copper  and  (latterly  only  in  part) 
silver  by  the  combination  of  the  two  latter  with  sulphur  during 
a  fusion  with  sulphide  of  antimony  or  with  sulphur  (fi oessler's 
process) ;  and,  finally.  Miller's  process,  used  at  the  Mint  in 
Sydney,  consisting  of  the  passage  of  chlorine  through  the  alloy 
of  gold  and  silver  fused  under  borax  in  a  clay  crucible,  by  which 
chloride  of  silver  is  formed.  In  addition  to  the  ciipellation 
process,  Eoessler's  method  is  used  for  the  treatment  of  gold- 
silver-  and  copper-,  and  Miller's  for  the  treatment  of  gold-silver, 
alloys. 

Solution  of  the  Impurities  in  Acids. — This  process  may  also 
be  used  for  alloys.  The  oldest  process  of  all,  that  of  quartation, 
or  inquartationy  in  which  the  silver  of  the  alloy  is  separated 
from  the  gold  by  solution  in  nitric  acid  is  used  only  in  most 
exceptional  cases  outside  the  assay-laboratory.  At  the  present 
time,  if  electrolysis  is  not  to  be  applied,  the  sulphuric  acid 
separation  process  is  used.  The  granulated  alloy  is  heated 
with  strong  sulphuric  acid ;  gold  then  remains  as  a  brown 
residue,  whilst  silver  is  converted  into  sulphate,  at  the  expense 
of  a  portion  of  the  sulphuric  acid.  The  washed  residue  is 
dissolved  in  aqua  regia^  precipitated  by  means  of  a  ferrous  salt, 
filtered,  washed,  melted  with  suitable  fluxes,  and  cast  into  bars. 
The  silver  sulphate  is  then  decomposed  by  scrap-iron,  the 
separated  silver  is  washed,  pressed,  dried,  and  fused.  The 
separation  of  the  precious  metals  from  copper,  by  treating  the 
alloy  with  sulphuric  acid  in  an  excess  of  air,  has  been  described 
in  the  Chapter  on  Silver ;  but  the  process  is  superseded  in 
most  works  by  electrolytic  treatment. 

4.  ELECTBOLYSIS. 

Electrolysis,  with  Separation  of  Gold  in  Insoluble  Form 
at  Anode.  —  As  already  mentioned  in  the  Chapter  on  Silver^  there 
are  many  processes  practically  available,  and  many  of  them  in 
actual  use,  for  the  separation  of  gold  and  other  precums  metaU 
in  the  insoluble  anode  residue.  Of  these  the  method  used  in  the 
refining  of  silver  has  already  been  described,  and  for  the  others, 
reference  may  be  made  to  the  Chapters  on  Copper,  Lead,  Zinc, 
and  Antimony;  for  in  all  such  cases  alloys  containing  the  precious 
metals  would  be  under  treatment,  and  the  above-named  metals, 
rather  than  gold,  would  play  an  active  part  in  the  electrolysis. 
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Eleotrolyflis  with  Solution  and  subsequent  Deposition 
of  Qold. — Gold  forms  no  exception  to  the  general  rule  that,  if  it 
is  to  be  brought  into  solution  electrolyticallj,  it  must  either  be 
used  as  anode,  or  be  brought  into  the  closest  possible  proximity  to 
an  anode  at  which  are  liberated  anions  capable  of  dissolving  it 
It  has  been  said  that  the  solvents  for  gold  are  solutions  contain- 
ing chlorine,  and  those  of  potassium  cyanide  to  which  oxygen 
has  access.  These  conditions  appear  simple  enough,  and  are, 
indeed,  easily  fulfilled,  when  alloys  rich  in  gold  are  to  be  treated. 
B.  Bock,*  in  1880,  described  a  process  used  for  the  separation  of 
gold  containing  platinum  at  the  North  German  Refinery  in 
Hamburg. 

(a)  Treatment  of  Gold  containing  Platinum. — "A  number  of 
the  gold  plates  to  be  treated  are  suspended  from  a  copper  rod  in 
such  a  way  that  their  whole  surfaces  are  immersed  and  form  the 
positive  electrode  in  a  dilute  solution  of  chloride  of  gold  con- 
tained in  a  suitable  vessel.  Very  thin  plates  of  rolled  fine  gold 
are  suspended  in  a  similar  way  from  a  second  copper  rod,  and 
are  arranged  in  the  bath  alternately  with  the  anode  plates.  On 
making  the  proper  electrical  connections  with  the  copper  rods, 
the  fine  gold  plates  increase  in  thickness  at  the  expense  of  the 
impure  sheets.  Iridium,  osmiridium,  and  similar  metals^  being 
insoluble,  separate  and  fall  to  the  bottom  of  the  bath  in  the  form 
of  greyish-black  granules.  When  the  gold  plates  are  sufficiently 
thick,  they  are  changed,  and  those  which  were  removed  are 
washed,  dried,  fused  in  crucibles,  and  cast  into  bars  of  fine  gold." 

No  details  are  given  of  the  composition  of  the  alloy  that  was 
electrolysed,  or  of  the  current  density  employed,  so  that  it  is 
impossible  to  estimate  whether  the  progress  of  the  operation  is 
sufficiently  rapid  in  view  of  the  high  value  of  the  material 
treated  It  has  already  been  shown  that  for  the  electrolytic 
extraction  of  the  precious  metals  it  is  not  sufficient  that  the 
deposit  should  be  pure ;  it  is  of  the  utmost  importance  that  it 
should  be  produced  quickly.  If,  however,  as  was  evidently  the 
case  in  the  process  last  described,  the  gold  is  to  be  obtained 
adhering  to  the  cathode,  the  current  density  used  must  not  be 
very  high.  It  is  true  that  the  deposit  need  not  possess  the 
properties  which  the  electro-plater  endeavours  to  secure,  when 
he  employs  a  current  of  20  to  25  amperes  per  sq.  metre 
[0*013  to  0  0 14  amp.  per  sq.  in.],  but  a  density  of  50  to  60 
amperes  per  sq.  metre  [0*03  to  0*04  amp.  per  sq.  in.]  must  not 
be  exceeded,  unless  the  anodes  or  cathodes  be  surrounded  by 
cells  or  filtering  media,  which  shall  serve  to  prevent  the  residue 
upon  the  former  from  mixing  with  the  refined  metal  precipitated 
upon  the  latter. 

Unfortunately,  this  simple  case  of  gold  electrolysis  is  excep- 
tional. The  materials,  which  it  may  usually  be  required  to 
*  Berg-  und  Hnuenmdnnuche  Zeitung,  18S0,  p.  411. 
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treat  by  extracting  the  gold  in  a  soluble  form  and  subsequently 
precipitating  it,  contain  only  a  small  fraction  of  I  per  cent,  of 
gold,  whilst  even  in  the  most  favourable  cases  the  whole  of  the 
remaining  mass  consists  of  finely  divided  insoluble  mineral 
suspended  in  water.  The  first  problem  to  be  attacked  was  the 
extraction  of  gold  as  directly  as  possible  from  its  more  refractory 
ores ;  and  the  earliest  experiments  in  this  field  were,  therefore,  . 
concerned  with  the  electrolysis  of  ores. 

(6)  Electrolysis  of  Ores. — At  first  it  was  attempted  to  introduce 
eleotrolysis  into  the  process  of  amalgamation,  and,  using 
mercury  cathodes,  to  electrolyse  solutions  in  which  the  ore  had 
been  suspended.  Such  an  arrangement  may  be  of  assistance  in 
two  ways — First,  it  might  be  expected  that  the  very  light 
particles  of  fioat-gold  (which,  by  remaining  in  suspension,  would 
generally  fail  to  be  acted  upon  by  the  mercury)  would  be  brought 
into  contact  with  a  suitable  anode,  and  thus  becoming  dissolved 
would  be  carried  over  to,  and  be  deposited  upon,  the  cathode. 
Secondly,  the  surface  of  the  mercury  which  serves  as  the  solvent 
for  gold  in  an  amalgamator  should  remain  cleaner,  for  the  use 
of  the  mercury  as  cathode  would  check  the  formation  of  a  pellicle 
of  oxide  or  sulphide  upon  it.  Nevertheless,  the  expectations  in 
these  respects  have  not  been  fulfilled.  Before  passing,  however, 
to  the  consideration  of  the  causes  which  have  contributed  to  the 
unsuccessful  results  obtained  up  to  the  present,  reference  may 
be  briefly  made  to  some  of  the  processes  which  have  been  tried. 

Barker's  Process. — The  first  patent  of  this  nature  was  that 
granted  to  Barker,*  from  whose  specification  the  following 
account  is  taken.  The  ore  to  be  treated  is  carried  by  a  stream 
of  water  over  a  series  of  riffles,  which  contain  mercury  connected 
with  the  negative  pole  of  an  electric  generator,  and  provided 
with  stirrers,  beside  which  the  anodes  may  be  arranged  : — 

*'  Fig.  148  shows  a  longitudinal  sectional  elevation.  Fig.  146  a 
plan,  and  Fig.  147  details  of  one  part  of  the  apparatus  on  a 
larger  scale  than  in  the  other  figures. 

'*  A  is  a  riffle  table,  in  which  are  formed  the  riffles,  a  a  a;  this 
table  and  the  riffles  may  be  made  in  one  piece,  or  otherwise,  as 
may  be  most  convenient.  The  material  I  prefer  to  employ  in 
the  construction  of  my  riffle  table  and  riffles  is  wood,  but 
porcelain,  earthenware  ^glazed  or  unglazed),  or  any  combination 
of  the  above-mentionea  materials  may  be  employed.  The 
number  of  riffles  in  a  table  depends  upon  the  nature  of  the  ore 
to  be  treated ;  where  the  ore  is  refractory  ten  riffles  (as  shown), 
or  more,  may  be  required. 

**  In  the  first  series  three  riffles  are  shown,  each  one  provided 
with  combined  revolving  mechanical  stirrers  and  revolving 
electrodes  (anodes),  B.     Each  set  of  stirrers  consists  of  a  shafb,  6, 

*Qennan  Patent  22,619,   October  26,   1882.      [English  Patent  3046, 
June  28,  1882.] 
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to  which  are  attached  arms  or  pins,  r,  which  act  as  the  stirrers, 
and  a  second  set  of  arms  or  pins,  6,  which  act  as  electrodes. 
These  shafts  are  kept  in  constant  contact  with  the  main  current 
of  electricity  hy  means  of  any  suitable  connection.  The 
mechanical  stirrers  are  designedly  longer  than  the  electrodes ; 
the  object  in  making  the  electrodes  shorter  than  the  stirrers  is 
to  prevent  them  from  coming  into  contact  with  the  mercury, 
which  would  otherwise  destroy  the  whole  operation. 

"  In  the  second  series,  the  stirrers  are  the  same  as  described 
in  the  first  series,  but  instead  of  the  electric  current  being 
supplied  along  the  shaft,  it  is  conveyed  by  wires  or  plates,  n 
(Fig.  146),  which  are  laid  across  the  riffle,  a  little  above  the 
mercury,  special  care  being  taken  that  they  shall  not  come  into 
contact  with  the  mercury. 

'^In  the  third  series,  the  mechanical  stirrers  are  dispensed 
with,  but  the  current  is  rendered  intermittent  by  means  of  a 
special  construction  of  revolving  electrode,  D,  and  is  supplied 
along  the  shaft,  as  in  the  first  series,  but  in  such  a  manner  that 
when  the  arms  or  pins  are  perpendicular,  as  in  Fig.  148,  the 
current  is  caused  to  flow,  and,  when  horizontal,  the  current  is 
interrupted. 

"  In  both  the  first  and  the  third  series,  I  establish  the  electric 
connection  by  strips,  d-^^  and  bands,  d,  of  metal  arranged  on  the 
surface  of  the  shaft,  as  clearly  shown  in  detailed  view  (Fig.  147), 
or  by  a  metallic  core,  in  contact  with  the  inner  ends  of  the 
electrodes. 

"  The  shafts  are  made  of  wood,  the  stirrers  of  any  suitable 
non-conducting  material,  and  the  electrodes  (anodes)  of  brass,  or 
any  other  hard  and  durable  metal.  The  shafts  may  also  be  made 
of  metal,  and  inhere  metal  is  used,  the  shafts  would  be  insulated 
in  the  usual  way. 

"  In  the  fourth  series,  I  dispense  with  the  shafts  and  stirrers, 
and  in  this  instance  the  electrodes  are  carried  across  the  riffles 
either  a^  shown  in  the  ninth  riffle  in  Fig.  146,  or  interlaced  as 
shown  in  the  tenth  riffle. 

**  In  all  cases,  care  must  be  taken  that  the  electrodes  (anodes) 
shall  never  come  into  contact  with  the  mercury  (cathodes). 

"  Each  riffle  is  provided  at  bottom  with  a  tap  or  cock,  o,  by 
means  of  which  the  mercury  may  be  drawn  off.  Or  the  con- 
ducting wire  may  be  passed  through  the  heads  of  the  plugs  of 
the  taps  or  cocks,  and  when  desired  to  run  off  the  mercury,  this 
wire  must  be  disconnected  and  removed. 

"  The  electric  current  is  supplied  direct  to  one  end  of  the  first 
riffle,  and  passing  through  the  mercury,  then  conveyed  or  led  out 
by  the  wire,  m,  to  the  adjoining  riffle,  and  so  on,  to  the  whole 
series  of  riffles,  as  shown  in  full  lines  and  dotted  lines  in  Fig.  146. 
The  return  current  to  the  electric  generator  in  the  first  and 
third  series  is  conveyed  by  depressing  screws,  suitably  placed 
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for  the  purpose,  on  the  side  of  the  riffle  table,  and  in  immediate 
proximity  to  the  shafts,  so  as  to  come  into  contact  with  the 
metallic  bands,  d^f  but  in  the  second  and  fourth  series  by  the 
bars,//. 

'^  At  that  side  of  the  riffle  opposite  to  the  discharge  taps  or 
cocks,  each  shaft  carries  a  pulley,  C,  for  the  purpose  of  revolving 
the  same,  and  the  pulleys  may  be  driven  by  any  suitable  gearing. 
The  most  suitable  speed  for  the  shafts  is  45  revolutions  per 
minute. 

"  Mercury  is  supplied  to  each  riffle  in  the  manner  employed 
in  the  ordinary  amalgamation,  and  in  my  invention  discharges 
the  duty  of  a  cathode  in  each  riffle.  The  ore  is  supplied  to  the 
platform  at  the  head  of  the  table  in  the  usual  way.  The  table, 
A,  is  placed  at  a  suitable  inclination,  and  a  current  of  water  is 
applied  in  such  a  manner  that  the  ore  is  caused  to  travel  down 
the  table,  and  pass  through  each  of  the  riffles  between  the  several 
sets  of  electrodes  (cathodes  and  anodes). 

**  The  electric  action  upon  the  surface  of  the  mercury  keeps  the 
titanic  sand,  Jfa,  in  a  constant  state  of  agitation,  thereby  ensur- 
ing perfect  contact  between  the  mercury  and  the  particles  of 
gold  and  silver,  which  would  otherwise  be  lost,  as  the  titanic 
sand,  <kc.,  would  form  a  layer  upon  the  surface  of  the  mercury, 
and  so  cause  imperfect  amalgamation,  with  a  consequent  loss  of 
gold  or  of  silver." 

Bonnet's  Process. — Bonnet*  injects  finely  divided  mercury 
into  a  current  of  water  in  which  the  particles  of  ore  are  carried 
in  suspension,  and  through  which  an  electric  current  is  passed. 

Body's  Process. — Bodyt  uses  an  iron  drum  provided  with 
iron  balls,  after  the  fisishion  of  a  globe  crushing  mill,  and  filled 
with  a  ferric  solution.  The  powdered  ore  is  introduced  into  this 
solution.  The  axle  of  the  drum  is  insulated  from  the  drum 
itself;  it  is  placed  horizontal,  and  is  provided  with  carbon  rods, 
which  project  into  the  liquid  within.  The  noble  metals  become 
dissolved  electrolytically  through  the  agency  of  the  ferric  salt, 
during  the  revolution  of  the  cylinder,  and  are  deposited  on  the 
iron  walls  and  balls  which  serve  as  cathodes.  Mercury  is  then 
introduced  into  the  apparatus  to  dissolve  the  free  gold  and 
silver. 

Molloy's  Process. — MoUoy's  numerous  patents,  taken  out  during 
the  years  1884  I  to  1887, §  were  concerned  with  the  use  of  the 
electric  current  in  an  apparatus  of  the  type  familiar  in  the  old 
amalgamating  mills  of  Schemnitz.     The  ore  to  be  treated  is 

*n.S.A.  Patent  208,063,  May  13,  18S.^ 

t  German  Patent  24,876,  May  18,  1883.  [English  Patent,  2390,  May  10, 
1883.1 

t  German  Patent  28,452,  January  8,  1884.  [English  Patent  143» 
January  1,  1884.] 

§U.S.A.  Patent  363,411,  May  24,  1887.  [Engliah  Patent  15,206, 
November  22,  1886]. 
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introduced  Id  to  the  electrolysis  vessel,  G  (Fig.  149),  through  the 
hopper,  T,  which  forms  the  centre  of  the  plate,  B.  This  plate  is 
bent  upwards  at  the  circumference,  so  that  it  forms  a  circular 
rim  ;  it  may  be  rotated  by  means  of  the  spindle,  W,  to  whi6h  it 
is  attached  by  a  cross  bar,  so  that  it  hangs  suspended  upon  a 
layer  of  mercury,  K,  that  serves  at  the  same  time  as  solvent  for 
the  gold  and  as  cathode  for  the  current.  The  particles  of  ore 
are  driven  by  the  stirring  mechanism,  O,  between  the  mercury 
and  the  plate  which  is  tapered  off  at  the  part  below  the  hopper ; 
owing  to  the  rotation  of  the  plate,  the  particles  now  take  a  spiral 
course  over  the  surface  of  the  mercury  until  they  reach  the 
annular  space  between  the  edge  of  the  plate  and  the  wall  of  the 
vessel.  Here  they  are  kept  in  motion  by  the  stirrers,  o\  at- 
tached to  the  circumference  of  the  plate,  and  they  are  finally 
discharged  over  the  outer  rim,  G.     The  mercury  rests  on  a  dia- 
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Fig.  149.— The  Molloy  amalgamatiDg  pan. 

phragm,  D,  which  is  made  of  clay,  cement,  leather,  wood,  from 
which  the  resin  has  been  extracted,  or  other  suitable  material, 
and  which  forms  a  tight  joint  both  with  the  outer  rim  of  the 
vessel  and  with  the  socket  of  the  shaft  spindle,  W.  Anodes  of 
carbon  or  sheet  lead.  A,  are  introduced  at  the  bottom  of  the 
vessel,  G,  and  the  space  beween  them  and  the  diaphragm,  D,  is 
filled  up  with  sand.  The  tubes,  Z  and  S,  serve  respectively  for 
the  supply  and  the  removal  of  the  electrolyte,  which  consists  of 
dilute  sulphuric  acid,  of  caustic  soda,  or  of  sodium  salt  in  solu- 
tion. Since  oxygen  is  evolved  at  the  anode  during  the  process, 
the  diaphragm  must  be  made  to  slope  slightly  from  the  centre 
to  the  circumference,  and,  at  the  highest  point,  an  outlet  must 
be  provided  for  the  gas.  N  and  P  are  the  conducting  wires. 
The  tube  R  is  intended  for  the  removal  of  the  mercury  from  the 
cathode  compartment. 

Modified  Forms  of  Apparatus. — The  forms  of  apparatus  pzx>- 
posed  for  the  same  purpose  by  Birmingham*  and  Atkins  t  cannot 

*U.S.A  Patent,  342,421,  May  25,  1886. 

t  German  Patent  45,774,  November  27,  1887.    [EngUah  Patent,  12,295, 
September  28,  1886.] 
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be  considered  as  improvements.  The  latter,  especiallj,  even  if 
it  be  possible  to  find  a  suitable  material  for  some  parts  of  the 
apparatus,  would  require  most  careful  treatment^  and  frequent 
repairs  during  use,  to  retain  it  in  service  ible  condition. 

Even  the  latest  electric  amalgamators  show  few  special  novel- 
ties. Edwards*  places  carbon  anode-plates  on  the  vertical  side 
walls  of  a  vessel,  covers  the  bottom  with  a  layer  of  mercury  as 
cathode,  and  by  means  of  a  stirring  apparatus  holds  the  ore  in 
suspension  in  an  electrolyte  consisting  of  an  aqueous  solution  of 
potassium  cyanide.  Danckwardtf  provides  a  birrel  amilgama- 
tor  with  an  equipment  for  electrolysis.  The  apparatus  consists 
of  a  revolving  iron  cylinder,  which  is  provided  with  a  suitable 
lining  (material  not  specified),  and  serves  as  anode.  Guide  plates 
are  made  to  project  into  the  interior  from  the  walls  of  the 
cylinder  for  the  purpose  of  throwing  the  ore,  during  the  revolu- 
tion, on  to  the  cathode,  which  consists  of  an  insulated  and 
amalgamated  copper  plate  cylinder  placed  within  the  iron  barrel 
in  the  direction  of  its  long  axis.  The  copper  cathode  is  removed 
from  time  to  time,  after  suspending  the  rotation  and  electro- 
lysis, in  order  to  separate  the  amalgam  from  it.  The  solution  is 
filtered  from  the  suspended  ore  particles  and  is  again  used  in 
another  apparatus,  either  directly  or  after  separating  the 
dissolved  gold. 

Ludwigt  goes  back  to  the  launders  to  accomplish  his  electro- 
lysis. In  a  wooden  launder  is  a  zinc  plate  provided  with  riffles 
which  contain  mercury.  The  zinc  plate  with  the  mercury  forms 
the  cathoda  A  cover  is  provided  at  the  upper  end  to  spread 
out  the  material  as  it  enters,  and  to  force  it  into  contact  with 
the  zinc  plate  whilst  diminishing  the  rate  of  flow  of  the  particles 
of  ore.  Resting  on  this  cover  are  copper  (!)  rods,  which  serve  as 
anodes.  The  inventor  anticipates  that  the  cover,  which  consists 
of  felt  or  flannel  or  the  like,  will  take  a  part  in  the  distribution 
of  the  electric  current. 

Haycraft's  process,  which,  according  to  the  Engineering  and 
Mining  Journal,^  has  been  put  to  a  practical  test  at  Adelaide, 
consists  in  the  electrolysis  of  a  solution  of  salt  in  which  gold  ore 
is  maintained  in  suspension.  An  iron  electrolyte  vessel  with  a 
heating  arrangement  is  employed,  and  a  layer  of  mercury  on  the 
bottom  of  the  vessel  serves  as  cathode.  The  ore  is  suspended  in 
a  solution  of  salt,  and  is  kept  in  motion  by  mechanical  stirrers, 
which  are  attached  to  a  spindle,  and  are  provided  with  carbon 
blocks  as  anodes.  The  larger  particles  of  gold  in  the  ore  sink 
readily  to  the  bottom  and  become  amalgamated  as  in  ordinary 
gold  extraction  processes,  whilst  the  lighter  and  smaller  particles 

*  U.S.  A  Patent  518,543,  April  17,  1894. 

t  U.S.  A  Pateat  526,099,  September  4,  1894. 

t  U.S.  A.  Patent  527,150,  October  9,  1894. 

§  Engineering  and  Mining  Journal  (New  York),  1895,  vol.  liz.,  p.  490. 
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•of  float-gold  are  dissolved  by  the  chlorine  liberated  at  the  anode, 
And  the  resulting  solution  of  chloride  is  electrolysed  by  the 
•current,  the  metid  being  deposited  upon  and  dissolved  by  the 
mercury  cathode.  The  electrolysis  is  effected  at  a  boiling 
temperature.  After  about  an  hour  the  ore-slimes  are  run  out 
into  a  reservoir,  from  which  they  are  led  to  a  percussion-table  for 
the  purpose  of  recovering  any  detached  particles  of  mercury 
•or  amalgam  that  may  be  caught  in  them.  The  tailings  passing 
from  here  are  conveyed  to  a  reservoir  in  which  the  ore  particles 
are  deposited,  whilst  the  clear  solution  is  separated  from  them 
.and  again  brought  into  use. 

Gmehling's  Experiments. — The  testimony  given  by  Gmehling* 
•as  to  the  working  of  electrical  amalgamation  processes  is  very 
un&vourable.  He  writes  :  '*  When  I  undertook  the  management 
of  the  works  (Huanchaca,  Bolivia),  amalgamation  was  effected 
with  the  aid  of  an  electric  current  generated  by  a  Weston 
•dynamo.  The  corrugated  side  plates  and  the  copper  bottom  of 
the  amalgamator  were  connected  with  a  copper  wire  and  made 
the  positive  electrode.  In  the  uppermost  portion  of  the  pan, 
for  about  one-third  of  the  distance  down,  a  leaden  ring  was 
-suspended  to  serve  as  the  negative  electrode.  The  current 
strength  in  the  various  pans  ranged  from  10  to  20  amperes. 

^'  The  practical  utility  of  this  so-called  improvement  appeared 
to  me  (Gmohling)  very  doubtful,  especially  as,  in  the  course  of 
my  experience  in  the  United  States  and  ia  Mexico,  I  had  never 
seen  the  electric  current  utilised  in  this  way,  although  I  had 
visited  many  and  important  amalgamation  works.  But  in  order 
to  dispel  any  doubts  upon  this  point,  I  made  a  number  of  experi- 
ments :  (1)  With  a  Weston  machine,  which  gave  a  current  of 
10  to  40  amperes  with  some  amalgamators  in  circuit ;  and  (2) 
with  a  Gramme  machine,  which  gave  on  an  average  a  current  of 
45  amperes  and  70  volts. 

''  After  55  experiments  I  was  led  to  the  conviction  that  an 
electric  current  of  low  potential  does  not  assist  amalgamation ; 
the  time  required  for  the  work  was  not  appreciably  lessened,  and 
the  percentage  of  precious  metal  in  the  tailings  remained  the 
same.  On  the  other  hand,  there  is  no  doubt  that  currents  of 
high  potential  shorten  the  period  of  treatment;  amalgama- 
tion, in  14  experiments,  required  about  40  minutes  less  time 
than  usual,  but  the  extraction  of  silver  showed  no  improve- 
ment. 

'*  These  results  led  to  the  abandonment  of  the  electrical  method, 

-since  the  considerable  expenditure  involved  did  not  correspond 

to  the  small  advantage  that  was  gained.     I  worked  from  the  1st 

of  October,  1889,  without  the  aid  of  electricity,  and  obtained  by 

.accurate  and  suitable  treatment  a  better  result,  both  in  regard 

to  extraction  of  silver  and  loss  of  mercury,  only  the  amalgama- 

*  A.  Gmehling,  MettMUurgische  Beiirdge  aus  Bolitna^  1890. 
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tion  required  a  somewhat  longer  time.    The  following  table  give 
the  results  in  a  concise  form  : — " 


Method. 

Period  <^ 

Bxperiment, 

1889. 

SUver  left 
In  Tailings. 

LoM  of  mer- 
cury in  OB. 
per  mark  of 
reduced  silrer. 

Duratioa  of 
Process. 

Electric  Amalgamation, 
Ordinary           „ 

Jan.  to  Oct. 
Oct  to  Dec. 

Per  cent. 

0052 
0  0356 

2-75 
2-39 

4  hr.  58  m. 
5hr.  10  m. 

Electrolysis  of  Ores  without  the  Aid  of  Mercury. — No  one 

will  maintain  that  the  unfavourable  results  hitherto  obtained 
are  to  be  ascribed  to  the  mercury,  but  a  short  account  may  be 
given  of  the  proposals  to  electrolyse  ores  without  the  aid  of 
mercury.  First  to  be  considered  are  the  apparatus  of  Cassel,* 
and  of  the  Cassel  Gold  Extracting  Company,!  which  were 
brought  before  the  public  in  the  years  1884  to  1887,  and  which 
have  become  so  well  known  through  Exhibitions,  {  and  through 
the  journals,  that,  in  view  of  their  complete  impracticability, 
any  detailed  discussion  of  them  is  unnecessary.  A  drum  of 
cylindrical  or  polygonal  cross-section  was  made  of  some  porous 
material,  and  mounted  so  that  it  might  be  rotated  about  its  long 
axis,  which  was  placed  horizontally ;  within  the  drum  were  a 
number  of  carbon  rods  placed  parallel  to  the  walls,  and  about 
half-immersed  in  a  vessel  containing  a  liquid  in  which  a  metal 
plate  cathode  was  suspended.  The  gold  of  the  ore  was  to  be 
chloridised  within  the  cylinder  and  deposited  on  the  cathodes 
outside.  The  electrolyte  was  a  solution  of  common  salt 
rendered  alkaline  by  lime.  It  may  be  safely  recognised  that  the 
apparatus  is  not  of  practical  utility  if  it  be  remembered  that 
it  might  have  to  be  used  in  the  treatment  of  ores  containing 
less  than  a  hundredth  or  a  thousandth  part  of  one  per  cent,  of 
gold;  that,  in  order  to  obtain  a  pound  weight  of  gold,  from 
5  to  50  tons  of  ore  might  have  to  be  introduced  into,  rotated 
within,  and  discharged  from,  the  apparatus ;  that  the  carbon 
anodes,  which  even  in  clear  solutions  of  salt  are  quickly 
destroyed,  would  only  last  during  the  extraction  of  about  1  ton 
of  ore ;  and,  finally,  that  a  company  with  a  large  capital  was 
formed  and  worked  this  process  for  the  space  of  a  year. 

Body's  process  and  apparatus  §  has  already  been  described 
in  the  Chapter  on  Copper  (p.  223).      It  testifies  to  a  better 

*  U.S.A.  Patents  300,950  and  300,951,  Jane  24,  1884.  [English  Patent 
3873,  August  9,  1883.] 

tU.S.A.  Patent  362,022,  April  22,  1887.  German  Patent  38,744, 
May  14,  1886.    [English  Patent  8574,  Jaly  15,  1885.] 

t  Inventions  Exhibition,  London,  1885. 

§  U.S.A.  Patent  333,815,  Jan.  5, 1886. 


Fig.  161. — Stolp'a  modified  ipparattu. 

another  modification  of  the  apparatus.  On  the  bottom  of  a  long 
Teasel,  A,  slightly  inclined  towards  the  end,  H,  is  laid  any  con- 
venient number  of  carbon  plates,  C,  C^,  Cj,  4c.  Above  each  of 
these  plates  is  a  vessel,  B,  which  has  the  same  length  and  width 
as  the  corresponding  carbon  plate.  The  bottoms  of  these  vessels 
are   formed   by   the   diaphragms,   D,  above   which   the  copper 

Jlates,  E,  E],  E,,  <J(C.,  are  suspended  horizontally  from  the  roils, 
',  F,,  Fj,  &c.     The  whole  apparatus  is  immersed  in  the  solution 
of  a  meti^lic  salt,  but  only  to  such  a  depth  that  the  liquid  cannot 
■  Q«nnui  Patent  41,001,  Nov.  12,  1886. 
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flow  into  the  yessels,  B,  which  contain  pure  sodium  chloride  solu- 
tion in  sufficient  quantity  at  least  to  cover  the  plates,  £.  The  ore 
is  introduced  throus^h  the  hopper,  F,  and,  the  apparatus  being 
gently  shaken,  it  flows  down  the  slanting  floor  towards  H, 
whence  the  tailings  flow  away  after  extraction.  In  all  modifica- 
tions of  the  arrangement  the  chlorine  liberated  at  the  anode  acts 
upon  the  ore  particles  which  pass  over  their  surfaces,  and 
converts  them  into  chlorides,  so  that  no  free  chlorine  escapes. 

There  remains  yet  to  be  mentioned  the  process  introduced  by 
Hannay.  The  first  patent*  protected  the  conjoint  action  of 
chlorine,  electricity  and  a  cyanide ;  in  the  second  t  the  cyanide 
alone  was  used  with  the  current ;  and  in  the  third,  X  &  mercury 
cathode  was  employed  in  addition  to  the  latter.  The  process 
received  the  high-sounding  title  of  ''The  Universal  Gold- 
Extracting  Process,''  and  met  with  ample  support  from  the 
publia 

Amid  the  large  number  of  proposals  for  the  electrolytic 
extraction  of  gold  directly  from  the  ore,  the  above  are  those 
which  are  most  characteristic,  or  at  least  are  those  concerning 
which  most  has  been  said  or  written.  But  they  are  nowhere  in 
operation.. 

Causes  of  Failure, — The  causes  of  the  failure  of  these 
processes  hitherto  have  already  been  explained  in  part.  The 
chief  difficulty  is  that  large  masses  of  ore  have  to  be  kept  in 
motion  within  the  apparatus  for  a  long  time ;  and  as  they  are  sus- 
pended in  water,  or  in  the  solution  of  a  salt,  they  are  accompanied 
bv  considerable  quantities  of  liquid.  Moreover,  the  solutions  or 
the  ores  employed  contain  only  a  minute  proportion  of  the 
metal  to  be  extracted.  It  is  sufficiently  evident  that,  for  the 
electrolysis  of  such  mixtures,  either  the  time  required  for  the 
process  will  be  very  great,  because  the  current  density,  and 
therefore  the  E.M.F  also,  must  not  exceed  certain  limits  which 
depend  upon  the  quantity  of  metal  present.  If  this  be  not 
attended  to,  a  considerable  (possibly  even  the  greater)  part  of 
the  electrical  energy  applied  will  be  expended  in  effecting 
subsidiary  reactions,  as  soon  as  the  low  current  density,  which 
corresponds  to  the  proportion  of  precious  metal  in  the  ore,  has 
been  exceeded.  In  the  processes  that  have  as  yet  been  publicly 
described  choice  must  be  made  between  these  two  alternatives, 
and  it  may  fairly  be  stated  that  neither  is  adapted  to  affi^rd  a 
solution  of  the  problem.  But  many  inventors  act  as  though  the 
electric  current  can  have  no  action  upon  anything  but  the  gold 
particles  in  the  ore  ;  and  they  almost  appear  to  consider  that  it 
is  endowed  with  life,  attributing  to  it  more  intelligence  than 
they  themselves  ix)ssess. 

*  English  Patent  14,061,  Nov.  2,  1886. 
t  EDgliah  Patent  14,966,  Sept.  22,  1890. 
t  English  Patent  19,181,  Nov.  25,  1890. 


GOLD.  275 

Very  few  inventors  in  this  fiel«l  appear  to  have  any  knowledge 
of  the  durability  of  the  mnterials  of  wliich  the  electrodes  are 
prepared,  or  of  their  behaviour  in  regard  to  the  various 
•electrolytes  or  the  substances  contained  in  them.  It  may 
suffice,  by  way  of  example,  to  refer  to  the  Cassel  apparatus  in 
which  the  particles  of  ore  are  given  the  opportunity  for  the 
space  of  an  hour  to  polish  or  grind  so  t  carbon  rods,  in  order  to 
^lissolve  a  proportion  of  goLi  so  small  that  it  mijs;ht  scarcely 
suffice  to  pay  for  the  carbon  consumed.  S  >  again  the  demands 
upon  the  electrolytes,  especially  upon  cyanides,  are  astonishing. 
An  the  chemical  text-books  insist  Huffici«ntly  upon  the  readiness 
with  which  cyanides  are  decomposed,  and  in  consequence  of  this 
instability  the  cyanide  solutions  are  kept  as  far  as  possible  from 
•contact  with  the  air  when  they  arn  used  for  the  simple 
oxtraction  of  gold  ores.  Nevertheless,  the  inventors  of  patent 
processes  pass  a  current  of  air  througli  cyanide  solutions,  or 
agitate  the  liquids  in  the  presence  of  air,  at  any  required 
temperature,  and  always  with  the  desired  result — at  least,  in 
the  patent  specifications.  The  depottited  gold  also  is  able, 
according  to  the  patent  specifications,  entirely  to  alter  its  usual 
oharacteristics.  Thus  it  may  have  to  bear  the  roughest 
mechanical  treatment,  and  yet  it  must  adhere  firmly  to  the 
-desired  metallic  surface ;  and  it  is  called  upon  to  withstand 
the  grinding  action  of  the  fine  and  hard  particles  of  ore 
-suspended  in  water.  It  is  only  necessary  to  bring  a  metal  bar 
well  coated  with  a  substantial  film  of  gold  into  any  of  the  usual 
forms  of  apparatus  fc^r  treating  gold  ores  (whether  as  cathode  or 
not),  and  the  question  whether  the  gold  remains  in  place  will 
soon  be  answered  in  the  negative. 

Jory's  Process. — After  all  the  neorative  results  above  described, 
the  process  of  Jory*  may  be  referred  to,  in  which  the  ore  is 
mixed  with  the  electrolyte.  It  possesses,  at  least,  two  distinct 
advantages  as  compared  with  those  already  mentioned — neither 
carbon  anodes  nor  diaphragms  are  used.  It  remains  yet  to  be 
seen  whether  it  will  be  successful.  The  apparatus  consists  of 
launders,  in  which  amalgamated  copper  plates  are  hung  parallel 
to  the  direction  of  the  stream  carrying  the  ore,  and  at  very  short 
•distances  apart.  The  ore,  in  an  exceedingly  finely  divided  state, 
is  carried  in  suspension  in  water  through  the  launders,  whilst 
an  alternating  current  is  passed  between  the  metal  plates.  During 
the  process  the  space  which  the  pulp  has  to  traverse  between 
the  plates  is  about  -^j^  in.  The  chief  requisite  for  this  process 
is  that  the  ore  shall  be  crushed  as  fine  as  possible,  and  that  it 
shall  be  passed  through  the  launders  in  the  form  of  a  fine  mud. 
No  further  information  is  at  hand  concerning  the  practical 
working  of  the  proc^  ss. 

Solution  of  the  Gold  by  Chemical  Methods,  followed  by 

*  Engineering  and  Mining  Journal  (New  York),  1894,  vol.  Iviii.,  p.  440. 
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Electrolytic  Precipitation  of  the  Metal  from  the  Liquid  — 
Early  Suggestions.— It  was  pointed  out  in  the  first  edition  of 
this  book  that  when  a  metal  like  gold,  which  is  easily  separated 
from  its  solutions,  even  without  the  aid  of  the  electric  current, 
is  to  be  deposited  electrically,  it  would  be  advisable  to  eflect  the 
solution  of  the  metal  outside  the  anode  chamber  of  the  electro- 
lyte vessel.  The  author  cauuot  lay  claim  to  having  suggested 
the  only  method  which  apparently  can  be  practically  used  at 
present  for  the  treatment  of  gold-bearing  materials,  for  the  firm 
of  Siemens  &  HaUke  had  already  proposed  a  similar  treatment 
for  sulphide  ores  and  products  of  copper,  but  it  is  satisfactory  to 
him  to  find  that  the  results  obtained  in  practice  have  completely 
justified  his  prediction. 

Siemens-Halske  Process. — It  was  again  Siemens  &  Halske 
who  were  the  first  to  obtain  practical  results  in  this  field ;  and 
the  following  details  of  their  process  have  been  taken  from  private 
communications  from  the  directors  of  the  firm.  The  principles 
upon  which  the  process  is  based  are  as  follows  : — Gold-bearing 
ores  or  amalgamator  tailings  are  leached  with  dilute  solutions  of 
potassium  cyanide;  gold  thus  passes,  for  the  most  part,  into 
solution  as  already  explained ;  the  resulting  liquid  is  electrolysed 
with  iron  anodes  and  lead  cathodes,  and  when  the  latter  have 
received  a  sufficient  deposit  of  gold  they  are  removed  from  the 
bath,  dried,  melted,  and  cupelled  for  the  separation  of  the  gold 
from  its  alloy  with  lead. 

For  the  Siemens  process,  only  those  ores  or  tailings  may  be 
employed  which  contain  no  appreciable  quantity  of  substances 
that  would  cause  a  loss  of  cyanide,  among  such  prejudicial  con- 
stituents being  free  sulphuric  acid,  ferrous  and  ferric  sulphate, 
and  all  base  metals  and  metallic  compounds  that  are  soluble  in 
cyanide  solution.  If  such  constituents  be  soluble  in  water 
they  may  be  washed  out  of  the  ore  prior  to  treatment  with 
cyanide ;  or  lime  may  be  used  to  neutralise  their  efiect  Again, 
the  solvent  action  of  the  potassium  cyanide  upon  the  gold  is 
slow  and  incomplete  when  the  precious  metal  is  present  in  the 
form  of  large  grains.  And,  finally,  the  percentage  yield  or 
efficiency  of  the  process  is  less  when  the  proportion  oj  gold  in 
the  raw  material  is  very  high.  From  the  above  it  will  be  readily 
understood  that  the  most  suitable  materials  for  this  treatment 
are  quartzose  or  undecomposed  pyritous  ores  or  tailings,  which 
contain  a  medium  or  a  small  proportion  of  gold,  in  metallic  form 
and  in  a  state  of  fine  sub-division. 

The  preparation  of  the  auriferous  material  for  Uie  leaching 
process  consists  solely  in  pulverising  it  as  fine  as  possible. 
Tailings,  however,  may  be  treated  directly.  When  the  cyanide 
works  are  not  attached  to  an  amalgamating  plant,  a  crashing 
apparatus  is  the  prime  essential,  and  with  this  must  be  pro- 
vided   the    leachhig   and    electrolytic    plants,    cupelling 
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fttmaoes,  and  reduction  ftirnaoes  for  treating  the  litharge 
obtained  in  cupel  lation,  a<3  well  as  the  various  requirements 
for  melting,  casting,  and  the  like.  Suitable  forms  of  stamping 
and  crushing  machinery  are  described  in  all  the  larger  works  on 
metallurgy-. 

The  eltraotion  or  leaching  vats  are  large  iron  vessels,  holding 
about  3500  cb.  ft.  The  auriferous  sand  or  tailings  are  charged 
into  these,  the  cyanide  solution  is  poured  over  the  mass,  and  the 
whole  is  stirred  mechanically.  In  some  cases  the  stirring  is 
not  only  superfluous,  but  even  disadvantageous,  because  all 
unnecessa/ry  contact  of  the  aoltUion  wWh  air  is  especially  to  he 
avoided.  In  working  ores  or  residues  containing  but  little  gold, 
the  pulverulent  material  usually  contains  sufficient  oxygen  for 
the  reaction  given  in  Eisner's  equation  : — 

Auj  +  4KCy  +  0  +  HjO  =  2KCy .  AuCy  +  2K0H. 

and  each  further  addition  of  oxygen,  which  cannot  but  be 
favoured  by  stirring,  must  lead  to  oxidation,  and,  therefore, 
to  loss  of  cyanide.  It  will  be  self-evident  that  the  stirring 
mechanism  will  be  differently  constructed  for  sandy  and 
clayey  materials ;  and  chemical  technology  is  so  well  provided 
with  suitable  means  for  dealing  with  the  one  or  the  other 
class,  that  there  is  no  necessity  to  enter  into  any  further 
particulars  in  this  direction.  After  the  leaching  is  complete 
the  solution  is  transferred  to  the  precipitation  plant,  and  will 
usually  contain  about  8  parts  per  million,  or  12  grains  per 
gallon,  of  gold. 

The  precipitation  plant  at  the  works  of  the  Rand  Central 
Reduction  Company,  at  Worcester,  in  the  Transvaal,  consist  of 
four  iron  vats,  each  measuring  20  ft.  x  8  ft.  x  4  ft.  Within  this 
are  suspended  sheet  iron  anode  plates,  each  7  ft  long  by  3  ft. 
wide  and  ^  in.  thick ;  and  lead  plates  of  the  same  size  are  sup- 
ported on  light  wooden  frames  as  cathodes.  The  principal  con- 
ductors are  laid  lengthwise  along  the  rims  of  the  vats,  and 
connection  is  made  with  them  in  the  usual  way.  To  promote 
the  circulation  of  the  liquid  in  the  vats,  the  electrodes  are  so 
arranged  (by  resting  some  on  the  bottom  and  suspending  others) 
that  a  space  is  left  alternately  above  and  below  them,  through 
which  the  solution  may  pass.  The  electrodes  are  kept  at  a 
distance  of  about  1^  in.  apart  by  strips  of  wood  attached  to  the 
bottom  and  sides  of  the  vats.  The  current  density  is  about 
60  amperes  per  sq.  metre  [5*6  amp.  per  sq.  ft.]  at  an  E.M.F.  of 
4  volts. 

The  cathode  material  must  answer  to  the  following  require- 
ments:— (1)  The  deposited  gold  must  remain  adherent  to  it; 
(2)  in  order  to  reduce  the  cost  of  the  plant  it  must  be  used  in 
thin  layers,  sheets,  or  plates;  (3)  it  must  be  easily  separated 
from  gold  subsequently  \  and  (4)  it  must  not  be  more  electro- 
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positive  than  the  anode  material.  As  mercury  would  be  too 
costly,  especially  having  regard  to  the  low  current  density,  lead, 
has  been  selected  as  the  most  suitable  substance.  Carbon  is  ncjt 
sufficiently  durable  for  anodes,  and  iron  is  therefore  used;  it  is  to. 
some  extent  attacked,  but  it  forms  Prussian  blue,  which  can  be 
worked  up  again  into  potassium  cyanide. 

The  electrolyte  tanks  are  kept  locked  up,  and  at  intervals  of  a. 
month  the  leaden  cathodes  are  removed,  one  at  a  time,  without 
interrupting  the  cuiTent,  and  replaced  by  fresh  plates.  The 
old  cathodes  will  have  been  coated  with  from  2  to  12  per  cenU 
of  gold,  which  is  separated  by  cupellation.  The  consumption  of 
lead  amounts  to  about  750  lbs.  per  menaem,  corresponding  to  & 
cost  of  about  \\d.  per  ton  of  ore.  After  the  precipitation  of  the 
gold,  the  solution  is  returned  to  the  leaching  vats,  after  adding 
sufficient  potassium  cyanide  to  make  good  the  loss  during  ex- 
traction and  precipitation. 

£8tifnated  Cost  of  Siemens -HaUke  Process. — The  results  of 
working  are  as  follows ; — Potassium  cyanide  is  decomposed  not 
only  in  the  process  of  dissolving  the  gold  and  other  metals,  but 
also  by  the  action  of  carbonic  acid  in  the  air.  The  proportion 
consumed  varies  in  different  cases,  and  depends  upon  the  com- 
position of  the  ore  or  tailings.  In  one  instance  in  which  3000 
tons  of  tailings,  containing  5  dwts.  of  gold  per  ton  were  treated 
per  mensem,  the  consumption  of  cyanide  amounted  to  \  lb.  per 
ton  of  tailings. 

The  labour  and  power  required  may  be  reckoned  as  follows : — 
For  an  installation  capable  of  treating  3000  tons  of  ore  a  month 
there  would  be  required  five  laboureis  (native)  and  two  super- 
visors. This  plant  calls  for  an  expenditure  of  about  5  H.P. 
for  the  electro-deposition  of  the  gold,  and  about  25  H.P.  for  the 
whole  work,  including  electric  lighting  and  electrical  power 
transmitted  for  the  stirring  mechanism. 

The  cost  of  the  instaUation,  in  respect  of  the  vats,  and  the 
necespary  apparatus  for  extraction  and  precipitation,  must 
obviously  be  very  different  in  different  places;  it  may,  however, 
be  estimated  according  to  the  quantity  of  ore  or  tailings  to  le 
treated.  It  may  be  assumed  that  each  extraction  vat  wcirks 
with  its  full  charge  of  tailings,  and  is  charged  and  emptied  once 
every  day ;  and  that  from  three  to  six  such  vessels  are  employed 
according  to  the  character  of  the  ore  and  the  number  of  leachings 
required.  The  ap[>lication  of  the  dynamos  and  the  electrical 
portion  of  the  installation  may,  of  course,  be  restricted  to  the 
actual  deposition  of  the  gold  ;  but  it  will  be  found  advantageous 
to  generate  at  the  same  time  current  sufficient  for  the  electric 
lighting  of  the  whole  establishment,  and  for  the  electrical  trans*- 
mission  of  power  to  the  pumps  and  stirring  machinery.  For  a 
plant  capable  of  treating  3000  tons  of  tailings  per  mensem,  the 
capital  outlay  on  the  electrical  installation,  exclusive  of  frei^ht^ 
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duty,  or  erection  charges,  may  be  taken  at  j£250  for  the  eleo- 
trioal  installation  in  connection  with  the  precipitation,  and 
£750  for  that  required  for  lighting  and  transmission  of  power. 

The  worki^ig  charges  of  the  plant  above  described  in  the 
Transvaal,  treating  3000  tons  of  tailings  a  month,  were  as 
follows  * : — 


Charging  and  emptying  of  vats  (by  a  con- 
tractor and  his  labourers), 

Potassium  cyanide, 

Lime, 

Soda, 

Sheet  lead, 

Iron  plate, 

White  labour, 

Native  labourers  (wages  and  food), 

Fuel, 

Store  and  general  charges,    .         .         .        . 

Approximate  total,       .        .         .        . 


Per  menaem. 


£125 
75 
15 
6 
14 
28 
65 
20 
57 
41 


£450 


Per  Um  qf 
tailingi. 


lOOd. 
60 
1-2 
0-5 
11 
2-2 
52 
1-9 
4-6 
3-2 


3s. 


The  extraotion  effloiency  amounted  on  the  average  to  70  per 
cent.  The  profits  of  the  process  may  be  reckoned  thus  : — The 
assay  value  of  the  tailings  averages  about  5  dwts.  per  ton,  and 
since  70  per  cent,  of  this  is  recovered,  about  520  ozs.  of  gold 
should  be  recovered. 


*  [Since  the  publication  of  the  above  statement  of  costs  at  the  Worcester 
Works,  a  revised  account  has  been  published  by  von  Gernet  in  a  paper  read 
before  the  Johannesburg  Chemical  and  Metallurgical  Society,  io  Octobez^ 
1896.  These  figures  are  appended  as  an  example  of  the  latest  practical  re- 
sults in  South  Africa,  with  a  plant  capable  of  treating  500  tons  of  tailings 

per  diem, 

I.     d. 


Filling 

0  100 

Potassium  cyanide. 

0    3-4 

liime,   ..... 

0    0-5 

Lead,   

0    1-6 

Iron, 

0    0-3 

White  labour. 

0    50 

Native  labour, 

0    1-9 

Fuel  and  power. 

0    4-0 

Store  and  general  charges,   . 

0    3-2 

Charge  extra  cost  of  plant,  . 

0    0-5 

2    6-3 

This  reduction  does  not  appear  at  first  to  be  very  great,  but  when  calcu* 
lated  upon  the  monthly  outturn,  it  will  be  found  to  be  really  very  large.  ~7> 
Translator]. 
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520  0Z8.  of  unrefined  gold,      ....  £1,850 

Deducting  working  charges,  &c.,    •         .  700 

"Pro^t  per  mensem^         .         .  £1,150 


But  from  this  must  he  deducted  the  value  of  the  tailings  and 
the  manager's  salary,  leaving,  however,  an  ample  margin  for 
interest,  amortisation,  and  dividend.  The  ahove-named  Band 
Central  Ore  Reduction  Co.  has,  in  the  first  year  of  work  at  the 
'Worcester  installation,  paid  a  dividend  of  25  per  cent.,  even  after 
writing  off  a  considerable  sum. 

Comparison  of  Eleotrolytic  and  Chemical  Precipitation 
ProoeBses. — The  advantage  of  the  electrolytic  method  of  pre- 
cipitation as  compared  with  the  chemical  is  very  considerable. 
The  latter  method  necessitates  the  use  of  comparatively  strong 
icyanide  solutions,  because  it  is  only  from  such  liquids  that  the 
gold  can  be  precipitated  with  any  degree  of  completeness  by 
metals  like  zinc.     The  electrolytic  process  is,  however,  capable 
of  being  used  with  more  dilute  solutions.     The  consumption  of 
cyanide  also  is  considerably  reduced,  as  may  be  gathered  from 
the  following  comparison.     In  the  Mac  Arthur- Forrest  process 
■solutions  containing  0'3  per  cent,  of  KCy  are  used,  whilst  in  the 
Siemens  process  the  strongest  liquor  contains  0*05  to  0*08  per 
cent.,  and  others  with  only  0*01  per  cent.  KCy  are  also  employed. 
A  plant  treating  3000  tons  per  month  of  tailings  by  the  former 
process  consumes  cyanide  to  the  value  of  £220  per  nvinaen^ 
whilst  a  similar  plant  worked  by  the  Siemens  system  requires  an 
-expenditure  of  only  £75  in  the  same  time  for  the  same  quantity 
of  raw  material.     It  is  true  that  the  use  of  weaker  solutions  for 
extracting  necessitates  a  longer  period  for  solution,  and,  therefore, 
A  larger  installation  of  leaching  vats ;  but  this  is  of  less  import- 
ance than  the  high  consumption  of  cyanide.    A  further  advantage 
of  the  Siemens  process  is  that  the  gold  is  obtained  in  the  form 
of  a  solid  deposit  upon  the  leaden  plates,  whilst  by  chemical 
precipitation  the  gold  is  recovered  as  a  loose  powder  mixed  with 
particles  of  zinc.     Further,  by  the  precipitation  of  the  gold  on 
lead  the  troubleRome  purification  and  separation  of  the  powdered 
gold  in  the  zinc  boxes  is  dispensed  with  ;   and  at  the  same  time 
the  cupellation  process  for  the  separation  of  lead  from  gold  is 
conducted  without  difficulty  and  enables  the  lead  to  be  recovered, 
whilst  the  separation  of  the  zinc  from  the  gold  in  the  older 
process  by  solution  in  acid  or  in  other  chemical  reagents  neces- 
sitates the  loss  of  both  zinc  and  acid. 

The  economy  of  the  electrolytic,  as  compared  with  the 
Mac  Arthur-Forrest,  process  is  clearly  shown  by  the  fact  that  the 
cost  of  treatment  per  ton  of  tailings,  in  a  work  capable  of  dealing 
with  100  tons  per  diem,  by  the  former  process  is  only  3s.,  while 
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"by  the  latter  it  ranges,  according  to  Eissler,*  from  7s.  to  8s.  It 
is  thus  clear  why  the  successful  method  initiated  by  Siemens 
&  Halske  has  recently  been  employed  in  preference  to  those  of 
other  inventors. 

Iiater  Processes. — Eltonheadf  expects  to  obtain  better 
results  by  electrolysing  the  cyanide  solution  of  the  gold  with 
lead  anodes  and  mercury  cathodes ;  but  practical  metallurgists 
will  not  support  this  view. 

Keith  I  proposes  to  use  a  solution  of  mercury  potassium 
cyanide  for  leaching,  with  the  object  of  obtaining  a  greater 
-extraction  efficiency  in  regard  to  gold;  and  he  therefore  adds 
from  6^  to  13  lbs.  of  a  soluble  mercury  salt  to  each  ton  of  the 
cyanide  solution  containing  from  0*1  to  0*5  per  cent,  of  KCy. 
In  the  depositing  vats  the  cathodes  are  amalgamated  copper 
plates,  2  ft.  square,  arranged  in  the  same  manner  as  the 
electrodes  in  the  Siemens  vats ;  so  that  the  solutions  can  only  pass 
in  zig-zag  fashion,  flowing  past  the  cathodes  in  an  upward  and 
downward  direction  alternately.  Between  each  pair  of  cathode 
plates,  which  are  separated  from  one  another  by  a  distance  of 
2  ins.,  are  placed  from  8  to  10  porous  vessels,  1  in.  in  diameter 
and  2  ft.  in  height,  containing  zinc  rods  as  anodes.  It  remains 
to  be  proved  whether  in  practice  the  greater  expenditure  on 
the  electrolyte,  the  anodes,  and  the  diaphragms,  which  are 
notoriously  wanting  in  durability,  will  be  compensated  for  by  a 
higher  yield  of  gold. 

P^latan  and  Clerici  describe  in  an  American  patent  specifici»- 
tion  §  a  complete  scheme  for  a  gold-extraction  process,  in  which 
a  cyanide  leaching  plant  is  combined  with  an  electrolytic 
separating  apparatus.  The  zinc  anodes  of  the  depositing  vats 
act  also  as  stirrers,  and  for  this  purpose  a  spindle  is  protected 
with  a  coating  of  zinc  and  provided  with  zinc  agitators. 
Amalgamated  copper  plates  laid  upon  the  bottom  of  the 
electrolyte  vats  serve  as  cathodes.  [In  the  English  patent 
specification  the  anodes  are  described  as  horizontal  iron  shafts, 
with  iron  cyliuders  and  wooden  agitators.]  A  greater  change 
in  the  method  of  work  has  been  proposed  by  Gaze,||  who  uses 
the  chloride  of  bromine  as  a  solvent  in  place  of  the  cyanide. 
The  chloride  of  bromine  is  formed  by  electrolysing  a  mixture  of 
sodium  chloride  and  sodium  bromide  in  vessels  3  ft.  high  and 
2  ft.  wide,  containing  porous  vessels  filled  with  water,  which  are 
used  as  cathode  cells.  In  the  outer  vessels  a  solution  of  chloride 
of  bromine  is  formed,  and  in  the  inner  cells  a  solution  of  caustic 

*  M.  Bissler,  The  Gynnide  Process^  London,  1895. 
t  E'ehroUchnischer  Anzeiger,  1895,  p.  125. 
X  Efectrician,  1895,  vol.  xxxiv.,  No.  637. 

§  U.S.A.  Patent  528,023,  Oct.  23,  1894.     [English  Patents  2493,  Feb.  5, 
and  11,478,  June  12,  1895.] 

II  Engineering  and  Mining  Journal  (New  York),  1895,  vol.  lix.,  p.  442. 
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soda.  The  former  is  brought  into  contact  with  the  gold-bearing 
material  in  vessels  which  may  be  tightly  closed ;  air  is  then 
pumped  into  them  up  to  a  pressure  of  from  3  to  4  atmospheres, 
and  the  mixture  is  allowed  to  remain  at  rest  for  from  one  to  two 
•hours  under  these  conditions.  The  solution  is  then  drawn  ofi^ 
and  utilised  for  the  treatment  of  fresh  quantities  of  ore  or  tail- 
ings, until  its  solvent  power  for  gold  is  neutralised,  after  which 
the  dissolved  gold  is  separated  from  it  electrolytieally. 

If  the  last  four  proposals  should  prove  to  have  such  advantages 
over  the  Siemens  process,  that  they  are  introduced  into  actual 
practice,  they  will  at  least  prove  that  the  method  of  work 
suggested  by  the  author  in  the  first  edition  of  this  book  has 
received  common  recognition.  The  process  of  Siemens  &  Halske 
has  shown  that  it  is  capable  of  affording  practical  results. 

Uses  of  Gold. — Pure  gold  is  employed  directly  in  the  pro- 
duction of  chemical  preparations  of  gold,  for  the  gilding  of  other 
objects,  and  for  the  production  of  alloys  with  copper,  silver,  and 
other  metals.  The  alloys  of  gold  and  copper  containing  up  to 
90  per  cent,  of  the  precious  metal  are  used  mainly  for  coinage^ 
purposes,  but  in  addition  to  this  they  are  very  largely  employed 
for  all  kinds  of  jewellery  and  goldsmith's  work,  both  in  the 
massive  condition  and  as  a  coating  for  other  metals. 


CHAPTER    IV. 

ZINC    AND    CADMIUM. 

ZINC. 

IProperties  of  the  Metal. — Zinc  (Zn;  atomic  weight  =  65; 
specific  gravity  3=  6'9  to  7*2)  is  a  bluish-white,  lustrous  metal, 
with  a  crystalline  (hexagonal)  structure.  At  ordinary  tempera- 
tures it  is  brittle,  but  between  100'  and  150*  C.  it  becomes 
malleable,  and  maybe  rolled,  hammered,  or  drawn  into  sheet  or 
wire.  At  a  higher  temperature — about  200°  C. — it  again 
becomes  so  brittle  that  it  may  be  crushed  to  a  powder.  It 
melts  at  415*,  and  boils  between  930""  and  950""  C.  Its  electrical 
conductivity  at  ordinary  temperatures  is  about  0*27  that  of 
silver.  It  has  the  power  of  dissolving  or  of  being  dissolved  by 
most  other  metals ;  and  with  many  it  alloys  in  all  proportions. 

*  [The  British  standard  gold  for  currency  is  a  22-carat  alloy  ;  that  is  to 
say,  it  contains  22  parts  in  every  24  (or  91*6  per  cent.)  of  gold.  The 
residual  alloying  met-al  for  coinage  is  copper,  for  jewellery  it  may  be  copper 
or  silver  separately  or  together. — ^Translator.] 
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Lead,  however,  dissolves  only  a  little  zinc  (less  than  1*5  pep 
cent.),  and  zinc  but  little  lead  (less  than  2*5  per  cent.). 

Metallic  zinc  has  a  comparatively  high  power  of  resistance  to 
the  action  of  oxygen  and  other  constituents  of  the  air.  It  if 
true  that  in  moist  air  it  rapidly  becomes  covered  with  a  greyislj 
film  of  basic  carbonate ;  but  this  coating  is  very  dense,  and 
clings  firmly  to  the  surface  of  the  metal,  which  is,  therefore^ 
practically  protected  by  it  from  further  oxidation.  Above  itt^ 
boiling  point,  however,  zinc  burns  readily  either  in  air  or 
in  carbonic  acid.  Water  has  but  little  action  upon  the  metal  at 
ordinary  temperatures,  although  at  a  red  heat  it  forms  zinc 
oxide  and  hydrogen  (see  Lead  Refining).  Zinc  burns  in  chlorine 
to  zinc  chloride,  but  does  not  easily  unite  directly  with  sulphur  ^ 
a  phosphor-zinc  may,  however,  be  readily  formed  by  introducing 
pieces  of  phosphorus  into  the  melted  metal. 

On  account  of  its  strongly  electro-positive  character,  and  th^ 
great  solubility  of  most  of  its  salts,  zinc  is  easily  dissolved  by 
dilute  acids ;  but  the  solution  takes  place  the  more  slowly,  the 
purer  the  metal  used,  l^itric  acid  is  in  part  converted  into 
ammonia  by  its  action  upon  zinc.  The  electro-chemical  charac- 
teristics of  the  metal  are  shown  by  the  fact  that  it  is  capable  of 
separating  most  of  the  heavy  metals  from  their  salts,  and  that  it 
is  soluble  in  solutions  of  the  alkaline  hydroxides  with  evolution 
of  hydrogen.  The  high  electrolytic  pressure  of  sclution  of  zinp 
makes  it  a  good  anode  mateiial  ibr  galvanic  batteries. 

With  acids,  zinc  forms  only  one  series  of  salts,  which  are 
derived  from  the  oxide,  ZnO ;  with  the  alkalies,  zinc  oxide  (ot 
hydroxide)  plays  the  part  of  an  acid,  and  forms  salts  which  may 
be  regarded  as  derived  from  the  hydroxide,  Zn(0H)2,  the  lattef 
being  considered  as  a  dibasic  acid. 

Ooourrence  of  Zinc  in  Nature. — The  more  important  of  the 
natural  compounds  of  zinc  are  the  sulphide,  zinc  blende,  ZnS,; 
the  carbonate,  calamine,  ZnCOg ;  some  silicates,  electric  calamine, 
Zn^SiO^H- 2E2O  ;  and  complex  zinc  ores,  such  as  franklinite, 
consisting  of  silicates  and  carbonates  usually  containing  les^ 
than  20  per  cent,  of  zinc. 

Extraction  of  Zinc. — In  the  extraction  of  the  metal,  not 
only  the  above  ores  have  to  be  treated,  but  the  so-called  grey 
oxide,  and  furnace  incrustations  from  iron-smelting  blast-furnaces 
and  other  metallurgical  furnaces  are  also  employed  ;  and  latterly 
the  residues  from  the  roasting  of  zinc-bearing  pyrites  have  also 
been  used.  Apart  from  the  methods  by  which  zinc  compounds^ 
such  as  zinc  white  or  zinc  sulphate,  are  obtained  from  the  ores, 
there  are  only  two  metallurgical  processes  practically  in  use 
the  roasting  and  reduction  process,  and  electrolysis. 

The  Boasting  and  Beduction  Process. — This  process  may 
be  used  for  the  treatment  of  most  zinc  ores.  Some  ores  thajt 
contain  but  a  small  proportion  of  zinc  require  a  preliminary 
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wet  process  of  mechanical  concentration ;  but  they  (especially 
zinciferous  blendes  or  spathic  iron  ores  containing  zinc)  ofben 
yield  in  this  way  large  quantities  of  bye-products  which  cannot 
be  used  either  in  the  lead  or  the  iron  smelting  processes.  Zinc- 
bearing  iron  ores,  and  intermediate  products  from  the  dressing 
processes,  containing  insufficient  zinc  to  be  directly  workable, 
have  for  some  time  been  subjected  to  a  roasting  process  followed 
by  magnetic  concentration.  Roasting  has  the  effect  of  convert- 
ing both  ferrous  and  ferric  oxides  into  the  magnetic  oxide  of 
iron;  and  this  latter  compound  is  then  the  only  magnetisable 
substance  present,  unless,  of  course,  metallic  iron  itself  should 
by  any  possibility  be  there.  It  is  self  evident  that  if  the  iron  be 
initially  present  in  the  ore  in  the  form  of  magnetite  or  of  magnetic 
pyrites,  the  roasting  process  would  not  be  required.  If  roasting 
be  necessary,  blast  furnaces,  reverberatories,  or  revolving  cal- 
ciners  may  be  employed.  The  raw  or  roasted  ore,  as  the  case 
may  be,  is  then  classified  into  particles  of  uniform  sizes,  and 
submitted  to  magnetic  separation,  by  which  the  iron-bearing 
particles  are  extracted  from  those  of  zinc-  or  lead-minerals  and 
gangue  stuff.  Electro-magnetic  separators  are  interesting  from 
the  electro-metallurgical  point  of  view;  but  there  have  been  over 
170  patents  for  such  separators  granted  in  the  United  States 
alone,  and  it  would  therefore  be  impossible  to  enter  fully  into 
the  subject  here. 

The  ore,  after  having  been  sufficiently  concentrated  by  one 
process  or  another,  is  roasted.  Carbonates  may  be  calcined  in 
simple  kilns,  such  as  are  employed  in  lime  burning  or  for  the 
calcination  of  spathic  iron  ores.  Blende  is  treated  in  specially 
constructed  stage  furnaces,  of  which  the  best  forms  known  are 
those  of  Liebig  and  of  the  Aktiengesellsehaft  Rhenania,* 

The  roasted  ores  are  so  mixed  together,  and  with  the  carbon 
necessary  for  reduction,  that  sufficient  of  the  latter  element  may 
be  present  to  prevent  the  formation  of  carbonic  acid,  and  that 
the  residual  substance  left  after  the  reduction  process  may  be  as 
difficultly  fusible  as  possible.  To  fulfil  the  latter  conditions,  it 
may  often  be  sufficient  to  provide  an  excess  of  coal,  the  coke  from 
which  absorbs  any  fused  products  of  the  reaction.  If  much 
silicate  of  zinc  or  leady  impurities  be  present  in  the  ores,  an 
addition  of  magnesite,  dolomite,  or  bauxite  is  recommended,  in 
order  that  the  silicates  left  in  the  residue  may  be  rendered  more 
refractory.  The  process  of  reduction  is  conducted  almost  ex- 
clusively in  retorts,  the  zinc  being  converted  into  a  vapour  which 
is  afterwards  condensed.  According  to  the  Belgian  system,  a 
number  of  small  tube-shaped  retorts  are  arranged  in  parallel 
rows,  one  above  another,  in  a  shaft  furnace.  In  the  Silesian 
process  a  smaller  number  of  retorts  is  used,  but  these  are 
larger  than  those  employed  in  the  Belgian  furnace,  and  are 
*  G.  Lunge,  Soda  induslrie,  2nd  ed.,  voL  i.  (salphnric  acid),  1893. 
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laid  side  by  side,  usually  in  only  one  row.  A  combination 
of  the  two  systems  is  in  use  in  Khenisb-Westphalia ;  not  more 
tban  three  rows  of  medium  sized  retorts  being  placed  one  above 
another.  The  furnaces  are  almost  always  heated  by  gaseous  fuel^ 
the  air  used  for  combustion  being  pre- heated,  either  by  the 
regenerative  (Siemens)  or  the  recuperative  system. 

The  condensation  of  the  zinc  vapour  is  geneially  effected  in 
clay  condensing  tubes  connected  immediately  with  the  fronts  of 
the  retorts,  and  in  sheet-iron  cylinders,  which  are  attached  to  the 
clay  tubes  at  the  beginning  of  the  distillation.  The  zinc  is 
deposited  in  the  condensers,  partly  in  a  pulverulent  form  as 
''zinc-dust,"  and  partly  in  the  liquid  state.  The  details  of  the 
arrangements  of  the  furnace  and  of  the  method  of  conducting 
the  operation  are  to  be  found  in  metallurgical  text-books. 


EIiECTROLYSIS. 

There  can  be  no  doubt  that  the  purely  metallurgical  methods 
of  extracting  zinc  must  be  classed  among  the  most  unsatisfactory 
and  wasteful  of  smelting  processes ;  and  the  electrolytic  separa- 
tion of  the  zinc,  therefore,  must  always  be  an  attractive  and 
legitimate  problem.  In  spite,  however,  of  all  endeavours,  the 
extraction  of  zinc  by  electrolysis  has  not  yet  advanced  beyond 
the  expenmental  stage,  although  operations  on  a  larger  scale 
have  recently  been  commenced  in  the  **  Electrolytic  Zinc  Works 
at  Duisburg."  The  mere  reduction  of  the  zinc  by  electrolysis  ia 
by  no  means  a  difficult  task  ;  but  the  problem  of  obtaining  the 
metal  with  a  sufficiently  low  consumption  of  power  in  the  form 
of  sound  plates  suitable  for  direct  use  in  zinc  rolling  is,  appar- 
ently, less  easy  to  solve. 

As  in  the  case  of  the  metals  hitherto  described,  the  experiments 
in  zinc  extraction  have  been  conducted  on  three  separate  lines. 
In  the  oldest  methods  proposed,  zinc  solutions  were  to  be 
electrolysed  with  anodes  composed  of  the  ore  itself.  The  first 
process  that  gave  any  practical  result  on  a  large  scale  was  that 
in  which  a  zinc  alloy  (the  zinc-silver  alloy  of  the  Roessler-EdeU 
mann  process)  was  used  as  anode ;  but  the  final  solution  of  the 
problem  will  probably  be  found  in  the  electrolysis  of  dissolved 
or  fused  zinc  salts  with  the  aid  of  insoluble  anodes. 

1.  Eleotrolysis  of  Solutions  of  Zinc  Salts  with  Anodes 
of  Zino  Ore. — Luckow,  who,  in  a  German  patent  specification,* 
was  the  first  to  propose  the  technical  application  of  electrolytic 
processes  to  zinc  extraction,  appears  to  have  regarded  the 
deposition  of  the  metal  in  a  cohesive  state  as  impracticable  at 
the  time  of  his  patent,  for  he  writes  : — 

"  By  the  electrolysis  of  concentrated  solutions  of  zinc  salts  a 

*  German  Patent  14,256. 
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granular  zinc  is  obtained,  whilst  the  liberated  acid  is  allowed  to 
act  upon  zinc  ores,  polarisation  being  prevented  bj  chemical  or 
mechanical  means.  A  long  trough  is  used  as  the  electrolysis 
tank,  in  which  the  electrodes  are  placed  alternately  one  behind 
the  other  in  positions  parallel  to  the  short  side  of  the  trough. 
The  cathodes  are  zinc  plates,  and  beneath  them  are  placed 
diaphragms  of  cloth  stretched  upon  frames  to  receive  the  metal 
which  separates  from  the  cathode  plates.  Between  the  zinc 
plates  are  cells  with  open  lattice-work  sides  (or  of  basket-work) 
projecting  somewhat  above  the  solution  in  the  vat,  and  filled  with 
a  mixture  of  carbon  and  zinc  ores,  or  roasted  or  metallurgical 
products,  or  with  carbon  alone.  A  bar  of  metal  is  inserted  into 
this  mixture  from  above  in  order  to  make  metallic  contact  with 
the  conducting  mains. 

**  When  solutions  of  zinc  chloride  are  thus  electrolysed  with  a 
earbon  anode,  the  chlorine  liberated  at  this  pole  is  removed 
either  mechanically  by  a  current  of  air,  or  chemically  by  the 
introduction  of  sulphurous  acid.  If,  however,  the  anode  consist 
of  a  mixture  of  coke  and  blende,  the  free  chlorine  attacks  the 
latter  and  effects  the  solution  of  the  zinc.  A  slightly  acidulated 
solution  of  common  salt  may  be  used  as  electrolyte  in  this  case 
instead  of  zinc  chlorides.'' 

Bias  and  Miest*  proposed  to  crush  the  blende  until  it  would 
pass  through  a  sieve  of  5  meshes  to  the  linear  inch,  and  then  to 
unite  the  particles  into  plates  under  a  pressure  of  100  atmo- 
spheres; the  filates  were  then  to  be  heated  and  again  compressed, 
in  order  to  obtain  anodes  suitable  for  their  electrolytic  process. 
They  considered  that  their  process  offered  great  advantages  as 
compared  with  those  in  common  metallurgical  use,  and  with 
other  methods  which  had  been  proposed  up  to  that  time.  But 
it  has,  nevertheless,  made  no  headway. 

It  is  unnecessary  in  this  place  to  enter  into  a  detailed 
account  of  the  difficulties  resulting  from  this  method  of  work, 
after  what  has  been  written  in  the  chapter  on  copper  concerning 
.the  use  of  sulphide  ores  as  anodes.  The  use  of  sulphurous  acid 
•prop'ised  by  Luckow  as  a  depolarising  agent  in  connection  with 
insoluble  anodes  will  be  referred  to  a<;ain  later. 

2.  Electrolysis  of  Solutions  of  Zinc  Salts,  Using  Anodes 
of  Crude  Zinc  or  Other  Zinc  Alloys. — Simple  as  this  method 
of  extraction  appears  from  the  theoretical  standpoint,  it  is 
wrecked  even  at  the  outset,  in  part  by  the  numerous  dithculties 
farising  from  the  composition  of  the  raw  material,  but  mainly  by 
.those  connected  with  the  electrolysis  of  aqueous  solutions  of 
j&inc  Silts.  The  refining  of  crude  zinc  is  at  present  too  expensive, 
for  the  electrolytic  treatment  of  zinc  with  the  intention  of  pro- 
ducing a  ikietal  that  may  be  rolled  necessitates  the  use  of  very 

*  Bias  and  Miest,  Estai  (VappliccUion  d*Heclrol^9t  d  la  mitaUurgie,  Faris, 
1882. 
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great  care,  and  therefore  demands  skilled  labour,  whilst  it 
requires  a  high  expenditure  of  power  as  compared  with  other 
metals.  The  zinc  crusts  produced  in  desilverising  lead  by  the 
Hossler-Edelinann  piocess  have,  however,  shown  themselves  to 
be  suitable  to  electrolytic  separation. 

Treatment  of  Zinc  Gmsts  from  the  Desilverisatioa  of  Lead. — 
The  zinc  crusts  from  the  original  (Parkes)  process  on  the 
contrary  have  not  been  found  available  as  an  anode  material. 
These  crusts,  whicli  consist  of  a  mixture  of  lead-zinc,  zinc-silver, 
and  other  ailoys,  may  contain  as  much  as  77  per  cent,  of  lead, 
12  per  cent,  of  zinc,  and  2'4  per  cent,  of  silver,  in  addition  to 
other  metals  and  oxides.  Experiments  have  been  made  for  a 
long  period  at  the  Kouigliche  FriedenshtUte^  at  Tarnowitz,  in  the 
electrolytic  separatinn  and  deposition  of  the  zinc  contained  in 
the  crusts,  the  silver -bearing  lead  being  left  as  an  insoluble 
substance  at  the  anode.  Rosing*  has  described  these  experiments 
AS  follows : — 

**  This  electrolytic  treatment  of  zinc  crusts  differs  from  other 
electro- metallurgical  processes,  as,  for  example,  the  refining  of 
copper,  the  Keith  process  of  separating  silver  from  work-lead, 
and  the  Hermann  process  of  purifying  commercial  zinc,  in  that 
in  these  latter  instances  the  metal  to  be  dissolved  and  deposited 
•electrically  forms  by  far  the  largest  constitueut  of  the  material 
under  treatment,  whilst  in  the  case  of  zinc  it  often  does  not 
exceed  the  one-tenth  part  of  the  whole  mass.  The  result  of  this 
is  that  as  soon  as  the  zinc  is  dissolved,  which  initially  was  in 
immediate  contact  with  the  electrolyte,  a  surface  is  formed  con- 
sisting of  lead  and  silver,  which  are  the  insoluble  materials  of 
the  anode.  At  this  juncture  the  current  may  be  stopped,  since 
otherwise,  according  to  the  E.M.F.  employed,  either  a  separation 
of  hydros;en  will  occur,  or  else  the  current  will  of  itself  cease  to 
to  pass  (?)  if  insoluble  anodes  be  used. 

'*  It  is  evident  that  the  extraction  of  the  zinc  will  always  be 
highest  when  the  largest  surface  is  exposed  to  the  solution.  For 
this  reason  the  alloy  is  used  in  the  pulverulent  condition,  since, 
on  account  of  its  brittleness,  it  cannot  satisfactorily  be  used  in 
the  form  of  thin  plates.  The  electrodes  must,  therefore,  form  a 
horizontfiJ  layer.  Circular  wooden  vats  are  employed,  in  which 
the  zinc  crusts  rest  upon  a  leaden  plate,  and  so  form  the  anode. 
The  cathode  is  a  zinc  plate  resting  on  insulating  supports  above 
the  anode.  In  order  to  maintain  a  circulation  of  the  electrolyte 
several  vats  are  so  placed  at  different  levels  that  the  liquid, 
which  runs  into  the  uppermost  vats  from  a  reservoir  above, 
overflows  into  the  one  next  below  it,  and  then  in  turn  through 
each  of  the  others  until  at  last  it  flows  from  the  last  of  the  series 
into  a  second  reservoir,  and  may  be  used  over  again.  After 
the  current  has  passed  through  the  solution  for  some  time,  the^ 
*  Dingler'i  Polytechni^ehet  Jaum,,  1887»  voU  oolxiii.,  p.  93. 
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anode  mass  will  oonsist  of  kernels  of  unaltered  alloy,  surrounded 
by  a  layer  of  metal  from  which  the  zinc  has  been  extracted ;  the 
kernels  are  separated  by  a  process  of  liquation,  and  are  then 
treated  again.  Thus,  in  turn,  zinc  is  removed  by  electrolysis 
and  lead  by  liquation.  The  small  quantity  of  lead  and  silver 
contained  in  the  deposited  zinc  is  not  lost,  because  the  metal  is 
used  to  desilverise  a  fresh  portion  of  lead,  whilst  the  silver  in 
the  rich  lead  obtained  by  liquation  is  recovered  by  cupellation ; 
and  the  litharge  produced  in  the  last-named  process  is  again 
reduced  to  metallic  lead." 

It  is  evident  from  the  above  description  that  the  frequent 
interruptions  of  the  process  for  the  liquation  of  the  lead  from 
the  kernels  must  be  exceedingly  troublesome.  In  the  account* 
published  in  commemoration  of  the  hundredth  anniversary  of 
the  Kimiglicke  FriedenahiUtey  it  is  stated  that  this  process  had 
never  passed  beyond  the  experimental  stage,  partly  for  the 
reasons  assigned  above,  and  partly  because  there  would  not  be  a 
suflScient  return  for  the  high  cost  of  the  installation  as  compared 
with  that  required  for  the  distillation  process. 

Much  more  favourable  results  were  obtained  in  treating  the 
crusts  from  the  Rossler-Edelmann  process  of  desilverising  work- 
lead.  This  process,  as  is  well  known,  consists  in  using  zinc 
containing  a  small  (about  0*5  per  cent.)  proportion  of  aluminium 
in  place  of  pure  zinc.  This  small  quantity  of  aluminium  is  used 
to  ensure  that  the  zinc  may  be  free  from  oxide,  but  it  has  the 
very  beneficial  effect  of  leading  to  the  production  of  zinc  crusts, 
containing  far  more  silver  and  less  lead  than  those  hitherto 
obtained.  The  liquated  crusts  contain  from  20  to  40  per  cent,  of 
silver,  with  zinc  ranging  up  to  70  per  cent,  and  a  small  propor- 
tion of  lead  and  copper.  It  is  evident  that  such  a  material 
must  give  better  results  as  an  anode  alloy  than  one  that  may 
contain  nearly  80  per  cent,  of  lead.  Only  meagre  accounts  have 
so  far  been  published  concerning  the  conditions  of  electrolysis  in 
this  case;  but  these  conditions  have  only  been  ascertained  with 
much  trouble  and  expense,  and  it  is  unreasonable  to  expect  that 
they  shall  be  given  freely  to  the  public. 

The  electrolyte  consists  of  a  solution  of  the  chlorides  of 
zinc  and  magnesium  of  specific  gravity  1*2  to  1*27,  and  is 
purified  from  time  to  time  by  the  addition  of  a  basic  zinc  salt 
ZnClj  .  3ZnO.  The  cathodes  consist  of  vertical  discs  mounted 
on  a  horizontal  shaft,  so  that  they  may  be  rotated,  the  shaft 
being  mounted  above  the  top  level  of  the  liquid.  No  informa- 
tion has  been  published  concerning  the  current  density  and  the 
temperature  of  the  bath. 

The  zinc  obtained  is  very  pure,  and  contains  usually  99*92 
to  99*94  per  cent,  of  zinc,  with  at  most  0*05  per  cent,  of  lead, 
0*02  per  cent,  of  copper,  and  0*0044  to  0*0099  per  cent,  of 

*  Printed  by  Ernst  and  Kom,  Berlin. 
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iron ;  it  may  also  contain  up  to  0*002  per  cent,  of  silver.  On 
account  of  its  purity,  it  commands  a  better  price  than  ordinary 
commercial  zinc.  The  insoluble  constituents  left  at  the  anode 
remain  in  the  form  of  a  mud,  which  on  drying  is  found  to 
contain  about  75  per  cent,  of  silver,  12  per  cent,  of  lead,  and 
small  proportions  of  insoluble  chloride  and  oxide  of  silver,  copper 
zinc,  iron,  and  lead.  The  oxides  of  copper,  zinc,  and  iron  are 
removed  by  treatment  with  dilute  sulphuric  acid,  and  any  silver 
chloride  that  may  be  present  is  reduced  by  means  of  iron  filings 
or  turnings.  The  residue,  after  drying,  should  then  contain 
from  80  to  85  per  cent,  of  silver  and  about  15  per  cent,  of  lead ; 
it  requires  only  to  be  re6ned  by  oxidation. 

Electrolytic  Beflning  of  Zinc. — No  further  accounts  have  been 
published  concerning  the  treatment  of  zinc  alloys  or  the  refining 
of  impure  zinc  on  a  large  scale.  Several  patents  have  been 
taken  out  for  zinc  refining  by  electrolysis,  but  they  contribute 
little  that  is  worthy  of  remark.  Thus,  for  example,  Hermann* 
recommends  the  use  of  solutions  of  the  sulphates  of  zinc,  or 
alkali  metals,  or  of  zinc  and  alkaline-earth  metals,  with  crude 
zinc  plates  as  anodes,  whilst  Watt  t  employs  a  vegetable  acid  as 
electrolyte  with  crude  zinc  anodes.  Some  very  useful  hints 
may,  however,  be  obtained  in  connection  with  the  extraction  of 
zinc,  with  or  without  zinc  anodes,  from  publications  which  have 
been  made  independent  of  the  patent  office. 

E[iliam's  Experiments. — Mention  must  first  be  made  of  the 
work  of  Kiliani,!  who  determined  the  current  densities  that 
should  be  employed  for  the  electrolysis  of  solutions  of  zinc 
sulphate  of  various  degrees  of  concentration.  When  soluble 
anodes  were  used,  and  both  electrodes  consisted  of  zinc  plates, 
he  found  that  the  evolution  of  gas  was  greatest  when  the  current 
density  was  small,  that  it  grew  less  as  the  current  density  was 
increased,  and  ceased  altogether  when  3  mg.  of  zinc  were  de- 
posited per  minute  on  each  sq.  cm.  of  electrode  surface  [ « 0*3 
grain  per  sq.  in.].  This  is  shown  in  the  table  on  the  next  page, 
to  which  the  current  density  in  amperes  per  sq.  metre  and 
square  inch  has  been  added,  in  order  to  facilitate  comparison 
with  the  current  conditions  which  have  been  found  practically 
useful  under  other  circumstances. 

The  deposits  obtained  with  high  current  densities  were,  it  is 
true,  very  solid,  but  they  were  formed  to  a  large  extent  around 
the  edges  of  the  plates.  With  a  10  per  cent,  solution  the  best 
deposit  was  obtained  by  the  use  of  a  current  density  equivalent 
to  0*4  to  0*2  mg.  of  zinc.  From  very  dilute  solutions  the  metal 
was  always  precipitated  in  the  spongy  condition,  and  was  accom- 
panied by  a  considerable  separation  of  hydrogen.     Moreover, 

*  Qerman  Patents  24,682  of  1883,  and  33,107  of  1885. 

t  English  Patent  6294,  April  29,  1887. 

tBerg-  wid  HiUUfm&nnische  ZeUung,  1883,  p.  261. 
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with  a  low  current  density  zinc  oxide  was  always  deposited,  as, 
for  example,  when  a  1  per  cent,  solution  was  electrolysed  with  a 
current  which  threw  down  00755  mg.  of  zinc  per  sq.  cm.  of 
cathode  per  minute  (and  with  an  KM.F.  of  17  volts).  The 
available  area  of  the  electrode  surface  must,  therefore,  be  ad- 
justed to  correspond  with  the  strength  of  the  current  and  the 
concentration  of  the  solution.  The  solution  with  which  the 
results  incorporated  in  the  following  table  were  obtained  was 
highly  concentrated,  having  a  specific  gravity  of  1'38. 


Current  density  in 

Amperes. 

Evolution  of 
gas  in  cubic 
centimetres 
per  1*5  grm. 

of  zinc 
deposited. 

Character  of  the 
Deposit. 

Kg.  of  zinc 
per  so.  cm. 
per  minute. 

Grains  of  zinc 

per  so.  in. 

per  minute. 

Persq. 
metre. 

Per  sq. 
in. 

0-0145 
00361 
0  0766 

0-3196 
0-6392 

3-7274 
38-7760 

1 

0-0014 
0  0036 
00076 

0-0316 
00632 

0-371 
3 -SCO 

7 

18 
38 

168 
316 

1843 
19,181 

0  005 
0011 
0  021 

01 
0-2 

1-2 
12-4 

2-40 
2-27 
0-66 

0-43    1 
0-33    { 

*  *  *            ./ 

•  •  •               M 

Very  spongy. 

Denser,     bat    still 
spongy  at  the  edges. 
Still  easily  rubbed 
off. 

Very  firm  and  a  1ns- 
trous  white;  with 
warty  growths   at 
edges. 

The  Experiments  of  Mylius  and  Fromm. — MyHus  and  Fromm* 
have  recently  determined  the  conditions  under  which  absolutely 
pure  zinc  may  be  deposited.  They  point  out  that  they  do  not 
consider  the  method  of  procedure  used  by  them  to  be  adapted 
for  technical  purposes  ;  but  their  account  records  so  many  facts 
that  afford  explanation  of  the  condition  obtaining  in  practice 
that  a  summary  of  some  of  the  points  will  be  useful,  especially 
in  connection  with  the  refining  of  zinc.  Concerning  the  action 
at  the  cathode,  and  with  special  reference  to  the  formation  of 
spongy  zinc,  and  to  the  work  of  Kiliani,  these  authors  express 
themselves  as  follows  : — 

'*  The  cause  of  spongy  zinc  deposits  has  not  yet  been  deter- 
mined. Kahnsent  considers  that  they  must  be  attributed  to  the 
oxides  which  are  formed  by  the  decomposition  of  the  water, 
whilst  others t  believe  in  the  existence  of  a  hypothetical  hydride 
of  zinc,  ZnHj,  which  produces  a  molecular  sdteration  of  the 
zinc.  As  we  (Mylius  and  Fromm)  are  at  present  engaged  in 
a  special  investigation  §  of  porous  metallic  deposits,  we  are  pre- 

*  ZeitschriJtfUr  anorganische  Chemie^  1896,  voL  ix.,  p.  144. 
+  Berg-  und  HtUtenmdnniache  Zeitung,  1891,  p.  393. 
X  Siemens  and  Halske  (German  Patent  66,692). 

§  Cf,  Mylius  and  Fromm,  BerichU  d.  deutschen,  Chem,  OeselUchqft,  voL 
zxvii.,  p.  630. 
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vented  from  entering  farther  at  this  time  into  the  question  of 
the  mechanical  formation  of  zinc  sponge ;  we  may,  however, 
point  out  that  its  formation  is  accompanied  by  an  absorption  of 
oxygen,  and  that  it  always  contains  oxygen  or  basic  salt.  This 
is  proved  without  doubt  by  the  following  observations : — 

"(1)  The  spongy  zinc  will  not  dissolve  in  mercury  without 
leaving  behind  a  slight  residue  of  oxide  or  basic  salt,  amounting 
usually  to  considerably  less  than  I  per  cent. 

'*(2)  The  production  of  the  sponge  is  induced  by  oxidising 
agents.  Thus  a  10  per  cent,  solution  of  zinc  sulphate,  which 
contains  0*01  per  cent,  of  hydrogen  peroxide,  shows  a  formation 
of  sponge  even  after  two  minutes  with  a  current  density  of  1 
ampere  per  sq.  dm.  rO'06i5  amp.  per  sq.  in.].  Or  again,  if  the 
solution  contain  0*1  per  cent,  of  zinc  nitrate  in  place  of  the 
hydrogen  peroxide,  a  greyish-black  deposit  of  zinc,  containing 
oxide,  will  be  formed  after  about  one  minute.*  Or  if  a  sheet- 
zinc  cathode  be  spotted  with  oil  of  turpentine  containing  oxygen, 
greyish-black  flakes,  which  are  the  first  signs  of  sponginess,  are 
formed  at  these  places.  The  zinc  sulphate  solution  employed  in 
these  experiments,  when  used  for  an  hour  alone  and  without 
oxidising  agents,  gave  a  smooth  white  deposit  throughout. 

'*  (3)  The  spongy  zinc  is  produced  only  when  the  conditions 
Are  favourable  to  the  formation  of  zinc  oxide.  A  10  per  cent, 
.solution  of  zinc  sulphate,  which  was  intentionally  made  somewhat 
turbid  by  precipitated  oxide,  gave  a  grey  spongy  zinc  upon  a  sheet- 
zinc  cathode  after  five  minutes  of  electrolysis  with  a  current  of 
1  ampere  per  sq.  dm.  [0*0645  amp.  per  sq.  in.].  The  action, 
however,  was  only  observable  at  the  level  of  the  upper  surfekce 
of  the  liquid.! 

<<(4)  The  formation  of  spongy  zinc  is  determined  by  the 
presence  of  foreign  metals  which  produce  an  oxidation  of  the 
metal  through  electro-chemical  action.  Nahnsen  has  already 
proved  many  times  that  the  zinc  becomes  spongy  most  readily 
when  the  solution  contains  such  impurities  as  copper,  arsenic,  or 
antimony.  In  a  10  per  cent,  solution  of  zinc  sulphate,  which 
contained  0*004  per  cent,  of  arsenic  (as  ammonium  arsenite),  a 
porous  grey  zinc  was  observed  to  form  after  one  minute,  and  at 
the  same  time  a  distinct  evolution  of  hydrogen  was  to  be  seen. 
The  oxidation  of  the  zinc,  therefore,  took  place  at  the  expense  of 
the  water  of  the  solution. 

"  It  should  be  here  explained  that  the  grey  zinc  sponge  con- 
tains zinc,  the  crystallisation  of  which  has  been  prevented  by 
the  absorption  of  oxygen ;  and  the  possibility  of  the  co-operation 
of  hydrogen  need  not  therefore  be  altogether  excluded.  In  any 
case,  however,  it  is  impossible  to  accept  the  view  that  such 

*  The  precipitate  oontaina  nitrite  and  requires  farther  investigation, 
t  At  the  place  where  the  zinc,  water,  and  air  meet,  hydrogen  peroxide 
wonld  always  be  formed. 
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substances  as  chlorine,  iodine,  hypocblorons  acid,  and  the  like 
prevent  the  formation  of  the  grey  zinc  by  decomposing  a  hydride 
of  zinc,*  which  would  otherwise  be  harmful ;  their  action  is  to 
be  ascribed  solely  to  the  fact  that  they  are  acid-forming  agents. 
Our  observations  upon  spongy  zinc  are  therefore  in  exact  agree- 
ment with  the  views  of  Nahnsen.  If  the  interpretation  of  our 
experiments  be  correct,  spongy  zinc  can  never  be  separated  from 
cictd  solutions;  and  as  a  matter  of  fact,  it  is  never  produced  if 
care  be  taken  that  the  zinc  solution  shall  have  an  acid  reaction. 
"  The  determination  whether  a  zinc  snlphate  solution  is  neutral, 
acid,  or  basic  appears  to  be  of  the  greatest  importance  for 
purposes  of  electrolysis.  It  is  well  known  that  litmus  is  not 
available ;  and  among  the  indicators  which  are  capable  of 
showing  the  presence  of  free  acid  in  zinc  sulphate,  Congo  red 
occupies  the  premier  position.  This  colouring-matter,  when  in 
aqueous  solution,  is  not  altered  either  by  the  normal  or  by  the 
basic  sulphate  of  zinc,  but  is  coloured  blue  by  free  acid.t  The 
reaction  is  sufficiently  sharp  for  most  purposes,  a  want  of 
sensitiveness  being  observable  only  in  the  estimation  of  very 
minute  quantities  of  free  acid.  This  colouring-matter,  however, 
will  not  indicate  whether  a  zinc  sulphate  solution  is  normal  or 
basic;  and  to  determine  this  point  a  titration  experiment  is 
necessary. 

"  We  found  in  our  experiments  that  in  10  to  50  per  centb 
solutions  at  18*  C,  10  grms.  of  zinc  sulphate  required  4  c.c.  of 
a  centi-normal  soda  solution  to  produce  a  distinct  turbidity  in 
half  a  minute.  The  salt  was  repeatedly  re-crystallised  with 
gre^t  care,  at  first  from  a  very  slightly  acidified  solution,  and 
afterwards  from  water  and  alcohol.  The  behaviour  of  the  salt 
towards  centi-normal  soda  solution  showed  no  change  after  further 
re-crystallisation,  and  its  reaction  may  therefore  be  regarded  as 
characteristic  of  the  normal  salt.  The  quantity  of  soda  solution 
necessary  is,  of  course,  very  dependent  upon  both  the  temperature 
and  the  degree  of  concentration.  Thus,  we  used  the  following 
volumes  of  soda  solution  for  every  10  grms.  of  zinc  sulphate,  in 
order  to  produce  turbidity.  The  weights  of  zinc  oxide  corre- 
sponding to  the  soda  used  in  each  experiment  are  given  in 
adjacent  columns  ;  the  quantities  of  soda  used  (and  equivalent 
zinc  oxide)  are  calculated  in  the  last  two  columns  as  per  10  c.c. 
of  the  solution, 

*  Siemens  and  Halske,  loc.  elL 

t  The  use  of  Congo  papers  is  to  be  recommended ;  they  can  easily  be 
prepared  hy  allowing  filter  paper  to  absorb  some  of  the  Congo  red  solatioo. 
The  colour  of  these  papers  changes  like  that  of  litmus  paper  hut  in  an 
inverse  sense. 
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The  first  appearance  of  the  turbidity  indicates  that  the  solu- 
tion of  the  sulphate  of  zinc  has  become  more  than  saturated  with 
oxide;  and  the  centi-normal  soda  solution  is  therefore  a  very 
convenient  means  for  ascertaining  the  neutrality  of  a  solution, 
or  for  determining  its  acidity  or  basicity.  The  determination 
may  be  made  by  deducting  the  number  of  cubic  centimetres  of 
soda  solution  required  to  produce  turbidity  in  a  neutral  solution 
from  that  actually  employed  to  obtain  the  same  effect  in  the 
liquid  under  examination.  The  method  may  be  employed  to 
test  for  very  small  proportions  of  acid,  but  is  only  approximately 
correct. 

Concentrated  solutions  of  normal  zinc  sulphate  are  therefore 
able  to  dissolve  small  quantities  of  zinc  oxide ;  and  the  electro- 
lysis of  such  solutions,  even  if  extended  over  several  hours,  will 
produce  a  normal  crystalline  deposit  of  zinc ;  and  the  danger  of 
obtaining  grey  spongy  zinc  is  first  met  with  when  the  solution 
has  become  basic  owing  to  the  oxidation  of  the  metal  Very 
little  acid  is  sufficient  to  prevent  its  formation ;  and  so  long  as 
10  cc.  of  the  concentrated  solution  of  sulphate  requires  the  use 
of  6  cc.  of  the  alkaline  solution  to  produce  the  first  sign  of 
turbidity,  the  liquid  is  fit  for  use  as  an  electrolyte;  this  is 
equivalent  to  0*016  per  cent,  of  free  sulphuric  acid.  But  the 
liquid  must  be  kept  thoroughly  mixed,  because,  owing  to  the 
varying  rates  of  migration  of  the  ions,  it  is  liable  to  become  very 
much  diluted  at  the  cathode ;  and  in  dilute  basic  solutions  the 
formation  of  a  porous  cathode  deposit  is  of  normal  occurrence. 

"If  in  spite  of  this  method  of  procedure  the  formation  of  the 
grey  deposit  should  take  place  after  the  lapse  of  a  few  hours,  it 
will  be  found  on  isolated  spots  at  which  the  mixing  of  the 

*  Percentage  by  weight. 
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solution  is  hindered,  so  that  a  dilute  solution  of  low  conductance 
is  foimed  locally,  and  the  free  acid  becomes  neutralised  at  that 
point  by  the  oxidisation  of  zinc.  On  this  account  zinc  oxide 
may  be  precipitated.  Such  an  action  takes  place,  for  example, 
in  the  capillary  spaces,  which  are  left  between  projecting  crystals 
of  zinc,  and  especially  on  the  perpendicular  edges  of  the  hydrogen 
bubbles  which  cling  to  the  zinc.  At  these  places  the  formation 
of  spongy  zinc  may  be  first  observed  in  the  form  of  small  dark 
wart-like  projections.  The  material  forming  these  projections 
is  full  of  capillary  spaces,  which  contain  a  basic  and  very  dilute 
zinc  solution ;  the  formation  of  spongy  zinc  is  therefore 
facilitated,  and  it  is  not  surprising  that  the  black  spots  formed 
at  the  beginning  rapidly  increase  until  at  last  they  cover  the 
whole  surfkce  of  the  electrode. 

*'  Finally,  it  must  be  remembered  that  the  formation  of  grey 
zinc  can  only  be  avoided  if  a  current  density  of  at  least  1 
ampere  per  sq.  dm.  [0*0645  amp.  per  sq.  in.]  be  used.  This  is 
quite  in  agreement  with  Kiliani's  observation  that  the  formation 
of  oxide  (and  the  evolution  of  hydrogen)  is  always  more  marked 
when  the  current  density  is  low. 

"  The  opposite  extreme  of  too  high  a  percentage  of  free  acid  in 
the  solution  is  equally  to  be  avoided  in  this  process  of  refining; 
because  the  result  would  be  a  slow  evolution  of  hydrogen  at  the 
cathode  simultaneously  with  the  deposition  of  zinc.  It  is  true 
that  under  these  circumstances  the  formation  of  grey  zinc  would 
be  obviated,  but  the  white  and  well-ciystallised  deposit  that 
would  result  would  be  rough,  since  hydrogen  bubbles  remain 
clinging  for  a  long  time  to  the  zinc.  An  early  limit  is  thus  set 
to  the  thickening  of  the  layer  of  deposited  metal.  The  presence 
of  the  free  acid  tends  to  promote  the  solution  of  impurities  in 
the  anode,  an  efiect  that  is  to  be  avoided. 

"  In  order  to  obtain  a  solid  and  reguline  deposit  of  zinc  in 
the  process  of  refining^  a  glass  cell  was  used,  divided  into  three 
compartments  by  diaphragms  of  silk  cloth ;  for  the  anodes 
purified  zinc  was  cast  into  the  form  of  either  round  or  square 
plates  1  cm.  [0*4  in.]  thick ;  for  the  cathodes  sheet  zinc  was  used 
corresponding  with  the  anodes  in  size  and  shape.  The  cathode 
solution  in  the  central  compartment  was  kept  constantly 
agitated  by  means  of  mechanical  stirrers,  so  that  it  was 
thoroughly  mixed  in  contact  with  the  whole  surface  of  the 
cathode.  Since  the  oxidisation  of  the  zinc  in  the  bath  is 
practically  constant,  its  effects  could  be  neutralised  by  a  con- 
tinuous generation  of  acid  in  the  bath  itself.  For  this  purpose 
a  separate  small  platinum  anode  was  introduced  into  the  cathode 
compartment,  and  was  connected  with  a  second  battery,  so  that 
a  slight  evolution  of  oxygen  took  place  at  its  surface ;  the  wire 
from  the  negative  pole  of  this  second  battery  was  connected  to' 
the  zinc  cathode,  after  the  manner  diagram matically  illustrated 
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in  Fig.  152.     It  was  thus  an  easy  matter  to  regulate  the  current 
strength  in  the  subsidiary  circuit  in  such  a  way  that  the  acid 
should  be  generated  at  exactly  the  required  rate,  and  that  the 
acidity  of  the  electrolyte  should  thus  be  maintained  constant. 
Thus,  for  example,  a  current  of  O'Ol  ampere  would  produce 
0*43  grm.  [6*6  grains]  of  sulphuric  acid  in  24  hours,  and  this 
would  suffice  for  the  neutralisation  of  0*36  grm.  [5*5  grains]  of 
zinc  oxide.     Or,  to  avoid  all  possibility  of  rendering  the  cathode 
zinc  impure  by  platinum,  the  use  of  the  second  circuit  may  be 
omitted,  and  the  necessary  quantity  of  acid  may  be  added  to  the 
bath  from  time  to  time  (at  about   12-hour  intervals).       The 
quantity  thus  required  for  a  total  electrode  surface  of  about 
600  sq.   cm.   [93  sq.  in.]  would  amount  to 
about  0*2  grm.   [3*08   grains]   of  sulphuric 
acid  24  hours ;  and  this  quantity  would  be 
distributed  through  about  1*5  litre  [2*5  pints] 
of  solution.     The  anodes,  from  which  bubbles 
of  hydrogen  were  seen  occasionally  to  rise, 
were  removed  from  the  bath  once  every  day 
in  order  that  the  impurities  clinging  to  them 
might  be  brushed  away.      After  they  had 
been  replaced  the  electrolysis  proceeded  as 
before.     Any  particles    that  might  become 
detached  were  retained  in  the  anode  com- 
partments by  the  diaphragms.      No  visible 
evolution  of  hydrogen  was  permitted  at  the 
cathode,  and  if  any  isolated  bubbles  of  gas 
were  observed  they  were  removed  by  raising 
the  electrode  plate.     The  distance  between   the  electrodes  in 
our  experiments  amounted  to  several  centimetres,  the  current 
density  was  at  least  1  ampere  per  sq.  dm.  [0*065  per  sq.  in.] 
of  cathode  surface,   and   the   slope  of  potential   between  the 
anodes  and  cathodes  amounted  to  from  0*3  to  0*6  volt. 

*'  It  is  advisable  to  deposit  zinc  on  both  sides  of  the  cathode, 
because,  otherwise,  the  separation  of  grey  zinc  may  easily  com- 
mence on  the  back.  This  arrangement  has  also  the  additional 
advantage  that  the  number  of  the  electrodes  that  may  be  intro* 
duced  into  a  bath  can  be  increased  at  will. 

"The  current  density  of  1  ampere  used  corresponded  to  a 
separation  of  about  29  grms.  of  zinc  per  sq.  dm.  [28*9  grains  per 
sq.  in.]  in  24  hours,  so  that  a  layer  about  0*4  mm.  [0*016  in.]  in 
thickness  was  deposited  in  the  day.  The  electrolysis  could  be 
continued  ordinarily  for  from  two  to  three  days  without  any 
formation  of  porous  zinc.  The  cathodes  became  coated  with  a 
solid  white  coat  of  zinc  which  never  exceeded  2  mm.  [0*08  in.]  in 
thickness.  At  the  edges  of  the  plates,  however,  the  deposit  was 
thicker,  and  it  was  here  that,  as  the  operation  proceeded,  rough 
patches  and  growths  were  formed,  in  which  gradually  small  nests 


Fig.  1 52.  — Connec- 
tions with  Bubsi- 
diary  electrodes 
in  zinc  deposition. 
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of  spongy  zinc  were  found,  and  this  was  the  sign  that  the  cathode 
must  be  replaced." 

No  further  remarks  upon  the  work  of  Kiliani,  and  Mylius  and 
Fromm  need  be  made  here,  since  it  refers  to  the  use  of  soluble 
(metallic  zinc)  anodes,  and  is,  therefore,  chiefly  of  interest  in 
connection  with  electro-plating  and  electro-typing;  and  it  will 
suffice  to  point  out  that  in  these  two  branches  of  electro- 
chemistry the  current  density  usually  ranges  from  200  to  300, 
and  in  exceptional  cases  rises  to  700  amperes  persq.  metre  [0*13 
to  0*2,  or  0'45  amp.  per  sq.  in.],  and  often  the  electrolytes  used 
have  a  reducing  action.  Reference  will  be  made  to  some  of  the 
points  observed  in  practical  experience  with  these  processes  after 
treating  of  the  third  method  of  extracting  zinc. 

3.  EleotrolysiB  of  Dissolved  or  Fused  Zino  Salts  with 
Insoluble  Anodes. — Luckow's  Process.— Luckow,  in  his  patent,* 
to  which  attention  has  already  been  drawn,  made  several  pro- 
posals in  connection  with  the  use  of  insoluble  anodes,  among 
which  the  introduction  of  a  current  of  sulphurous  acid  into  the 
electrolyte  vat  may  be  especially  noted— a  method  of  procedure 
that  has  been  frequently  re-discovered  at  a  later  date.  Luckow, 
however,  was  not  very  fortunate  in  this  use  of  sulphurous  acid, 
inasmuch  as  he  proposed  to  employ  it  as  a  means  of  converting 
into  a  harmless  substance  the  chlorine  that  is  evolved  at  the 
anodes  when  solutions  of  zinc  chloride  are  being  electrolysed. 
It  must  not  be  forgotten  that  the  use  of  Luckow's  deoxidising 
agent  increases  the  acidity  of  the  electrolyte  at  an  enormous  rate. 
Thus,  whether  the  solution  used  be  the  chloride  or  the  sulphate, 
whether,  therefore,  the  group  Olg  or  SO^  (=  SOg  -i-  0)  be  liber- 
ated from  the  deposited  zinc,  the  use  of  SOg  to  render  these 
anions  harmless  will  always  be  attended  by  the  formation  of  a 
quantity  of  free  acid,  which  is  double  that  corresponding 
theoretically  to  the  zinc  precipitated,  thus  : — 

SO4  +  SO,  +  2H,0  =  2H8SO4 
CI,  +  SO,  +  2H,0  =  2HC1  +H,S04. 

If,  therefore,  the  liberated  acid  is  to  be  neutralised  by  means 
of  zinc  ore,  as  specifled  in  Luckow's  patent,  it  is  evident  that 
after  the  first  neutralisation  two  molecules  of  zinc  salt  will  be 
contained  in  the  liquid  for  every  one  that  had  previously  been 
decomposed.  Hence  in  a  very  short  time  it  would  become 
necessary  to  find  some  other  means  of  neutralising  the  acid  (the 
proportion  of  which  is  doubled  at  each  operation)  other  than  that 
of  allowing  it  to  dissolve  zinc  compounds.  But,  at  the  same  time, 
the  direct  use  of  solutions  which  have  been  neutralised  by  means 
of  the  ores  is  not  permissible  in  practice,  owing  to  the  quantity 
of  impurities  that  are  thus  introduced  into  them.  Although 
Luckow's  process,  as  patented,  has  not  been  adopted  on  the  large 

*  German  Patent  14,256  (seo  p.  285). 
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scale,  the  specification  contained  some  valuable  suggestions  to 
which  reference  will  be  made  later.  At  present  a  short  account 
will  be  given  of  a  few  of  the  best  known  among  the  numerous 
processes  that  have  been  patented. 

The  L^trange  Process.  —  L^trange,*  in  numerous  patent 
specifications,  describes  in  general  terms  all  the  methods  and 
conditions  of  work  of  a  process  for  the  treatment  of  zinc-bearing 
substances,  excepting  those  which  must  be  observed  for  the 
production  of  coherent  zinc  plates.  The  patent  specification 
prescribes  many  details  of  work  that  are  quite  impracticable; 
and  the  process  might  have  been  left  unnoticed  here  had  not 
the  accounts  published  in  various  technical  journals  and  text 
books  led  to  the  belief  that  it  was  in  actual  use  in  zinc  works. 
It  cannot  be  disputed  that  L^trange  has  made  practical  experi- 
ments in  the  electrolysis  of  zinc  on  a  large  scale  at  his  works  in 
St  D^nis,  but  it  is  certain  that  if  he  obtained  any  practical 
result,  it  was  not  by  following  accurately  the  details  of  his 
patented  process.  According  to  this  patent,  ^'Zinc  blende  is 
roasted  at  so  low  a  temperature,  that  very  little  sulphur  is 
removed,  most  of  the  sulphide  being  converted  into  sulphate. 
The  sulphate  is  dissolved  in  water,  and  decomposed  by  the 
electric  current  (a  process  which  appears  to  be  very  simple  on 
paper !),  and  the  sulphuric  acid  thus  set  free  serv^es  to  dissolve 
calamine  and  zinc  oxide.  For  this  purpose  it  is  caused  to  fiow 
through  a  system  of  masonry  basins,  which  are  connected  with 
one  another  by  pipes,  and  are  filled  with  the  zinc-bearing 
material.  As  soon  as  the  first  vessel  is  deprived  of  its  zinc 
oxide,  it  is  disconnected  from  the  series,  is  re-charged,  and  is 
then  again  introduced  as  the  last  of  the  series.  The  solution 
saturated  with  zinc  is  conducted  to  a  reservoir,  from  which  it  is 
usually  led  to  the  electrolysis  vessel,  which  is  placed  at  a  some- 
what lower  level.  In  this  reservoir  the  zinc  solution  may  be 
purified  (!)  from  foreign  metals  according  to  known  methods. 
The  silver  and  lead  contained  in  the  zinc  mineral  collects  in  the 
extraction-vats,  and  is  therefore  not  lost.  The  electrolytic  tanks 
are  constructed  of  wood  lined  with  lead,  or  of  glass,  cement,  &c. 
and  contain  zinc  (or  copper  or  brass)  plates  as  cathodes,  together 
with  carbon  anode  plates.  The  solution  of  zinc  sulphate  is 
introduced  at  the  bottom  of  the  vat,  whilst  the  liberated  sul- 
phuric acid  escapes  freely  at  the  same  rate  from  the  top  on 
account  of  its  lower  specific  gravity.  The  zinc  separates  at  the 
cathode.  If  the  zinc  oxide  to  be  treated  should  be  very  pure, 
the  process  is  simplified  because  the  solution  may  be  effected  in 
the  electrolyte  tank  itself.  In  that  case,  either  two  vessels 
placed  in  communication  are  used,  or  else  one  vessel  is  divided 
into  two  compartments  by  a  porous  division.     The  one  vessel 

*  German  Patent  21,775.    Anstrian  Priv.  of  Nov,  12,  1881,  &o.    [EngUah 
Patent,  3211,  July  22,  1881.] 
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(or  compartment)  serves  to  receive  the  anode  and  the  zinc  oxide 
or  calamine,  as  the  case  maj  be,  and  the  other  contains  the 
cathode  on  which  the  deposited  zinc  is  separated.  Since  zinc 
oxide  is  a  bad  conductor  of  electricity,  it  is  mixed  with  a  certain 
proportion  of  carbon,  in  order  to  bring  it  into  direct  conducting 
communication  with  the  anode,  and  so  to  facilitate  solution." 

In  the  whole  of  this  description,  discussion  of  the  difficulties 
is  simply  evaded.  They  are  lightly  passed  over,  while  the 
simpler  matters  are  treated  as  broadly  as  possible. 

Other  Patented  Processes. — In  the  same  way  there  is  a  whole 
series  of  inventors  who  for  the  most  part  specify  some  method, 
usually  well  known  already,  for  effecting  the  solution  of  the 
zinc  contained  in  ores,  metallurgical  products  or  waste  material ; 
they  then  combine  this  method  with  the  electrolytic  treatment 
of  the  resulting  solution,  and  the  invention  is  complete.  It 
will  suffice  to  give  the  references  in  the  accompanying  footnote'*' 
to  some  patents  of  this  description. 

Squire  and  Currief  deposit  tho  zinc  as  an  amalgam  by  em- 
ploying  a  cathode  of  mercury  in  an  alkaline  solution,  and  then 
distil  off  the  mercury.  This  also  is  impracticable  from  the 
technical  point  of  view. 

Some  othfer  patentees  utilise  the  anode  energy.  Thus, 
Siemens  &  Halske^  propose  to  use  the  same  process  for  zinc 
blende  that  they  introduced  for  the  treatment  of  copper  matte 
and  sulphide  of  copper  ores.  But  it  has  been  found  that  when 
iron  salts  are  present  in  the  electrolyte,  the  deposition  of  good 
solid  zinc  at  the  cathode  is  impossible. 

Currie§  suggests  the  recovery  of  certain  other  metals  in  the 
form  of  insoluble  chlorides  at  the  anode,  during  the  electrolysis 
of  chloride  of  zinc  solutions. 

In  C.  Hoepfner's  process  ||  poor  oxidised  ores  and  metallurgical 
products  are  treated  with  solutions  of  caustic  alkali,  and  the 
resulting  solutions,  after  purification  with  zinc  dust,  are  intro- 
duced into  the  electrolysis  tanks.  During  electrolysis  chlorates 
will  be  formed  in  the  anode  compartments  where  haloid  salts  of 
the  alkalies  and  alkaline  earths  are  present.  The  anode  and 
cathode  cells  are  separated  by  suitable  (!)  diaphragms.  Such 
diaphragms  are  unquestionably  necessary  for  the  success  of  the 
process,  but,  unfortunately,  no  material  that  would  be  suitable 
for  use  with  the  proposed  solutions  has  yet  been  found. 

*Lea  and  Hammond,  English  Patent  10,868,  Aug,  25,  1886;  Groaelmire, 
English  Patent,  4,286,  March  20,  1888;  Burgbardt,  German  Patent  49,682; 
Hemzerling,  German  Patent  t4,435;  Choate,  U.S. A.  Patents  512,361» 
618,711,518,732,  &c. 

t  English  Patent  12,249,  Sept.  27,  1886. 

X  German  Patent  42,243  (see  Chapter  on  Copper). 

§U.S.A.  Patent  466,720,  Jan.  5,  1892.  [LnglUh  Patent  212,  Jan.  5» 
1892.] 

li  German  Patent  62.946,  1891. 


ZINC.  299 

Lange  and  Kosmann  *  propose  to  obtain  both  zinc  and 
sulphuric  acid  by  the  electrolysis  of  zinc  sulphate  solutions.  For 
this  purpose  zinc  blende  is  roasted ;  the  roaster  gases  are  led 
into  water  containing  roasted  ore  in  suspension,  and  thus  the 
electrolyte  is  produced.  No  details  are  given  concerning  the 
electrolysis  itself. 

Use  of  Deoxidising  Agents. — At  this  point  reference  may  be 
made  to  an  investigation,  to  which  allusion  was  made  in  the 
first  edition  of  the  book,  but  which  the  author  has  been  unable 
as  yet  to  begin,  owing  to  the  want  of  time  and  opportunity. 
Experience,  alike  in  electrolytic  analysis  and  in  electro-plating, 
have  shown  that  certain  organic  compounds  are  especially 
adapted  for  use  as  depolarising  agents.  Classen,  in  his  work  on 
Chemical  Analysis  by  Electrolysis^  recommends  the  use  of  oxalic 
acid  in  combination  with  the  oxides  of  the  metals  to  be  deposited, 
and  accompanied  by  alkaline  oxalates.  In  electro-plating,  tartaric 
and  oxalic  acids,  cyanides,  and  other  organic  substances  have  been 
employed  with  special  advantage.  The  organic  matter  contained 
in  these  substances  is  usually  sacrificed,  being  in  most  cases 
oxidised  to  carbon  dioxide,  &c.  But  it  is  always  possible  to 
select  an  organic  compound,  with  intermediate  products  between 
the  initial  aod  the  final  stages  of  oxidisation,  and  to  interrupt 
the  process  at  a  moment  when  the  oxidisation  has  not  proceeded 
so  far  as  to  render  the  material  worthless.  Among  the  substances 
most  suitable  for  this  purpose  are  the  distillation  products  of 
coal-tar.  The  author  has  generally  used  the  so-called  liquid 
carbolic  acid,  or  mixture  of  cresols,  which  remains  after  the 
removal  of  the  more  volatile  carbolic  acid.  Nevertheless,  other 
organic  compounds  may  also  be  available.  The  cresol  cannot  be 
used  as  such,  inasmuch  as  it  is  insoluble,  or  only  very  slightly 
soluble,  in  water,  and  is,  moreover,  a  very  bad  conductor  of 
electricity.  But  its  conversion  into  a  soluble  compound  is  a 
problem  which  presents  no  difficulty.  When  an  alkaline  solution 
of  the  substance  may  not  be  used  (it  dissolves  readily  in  caustic 
soda  or  potash)  the  cresol  is  digested  with  strong  sulphuric  acid, 
and  is  thus  readily  converted  into  cresol-sulphonic  acids,  which, 
either  as  such  or  in  the  form  of  salts,  fulfil  the  two  conditions 
necessary  for  good  electrolytes,  high  conductance  and  easy 
solubility  in  water.  After  sufficiently  long  continued  electrolysis 
these  sulphonic  acids  are  oxidised  completely  at  the  anode  into 
carbon  dioxide,  water,  and  sulphuric  acid,  but  by  interrupting 
the  electrolysis  at  suitable  moments  the  whole  series  of  inter- 
mediate  products  that  are  theoretically  possible  may  be  pro- 
duced. There  can  be  no  doubt  that  a  number  of  oxidation 
processes  for  organic  compounds  may  be  combined  with 
electrolytic  methods  for  the  extraction  of  metal  with  great 
advantage  to  both.  It  may,  indeed,  be  assumed  that  such  a 
*  German  Patent  57,761.    [English  Patent  8716,  Jane  5,  1890.] 
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procedure  could  be  adopted  with  reasonable  safety  in  all  cases  in 
which  peroxides,  in  conjunction  with  acids,  permanganates^ 
chromic  acid,  arsenic  acid,  and  other  compounds  or  mixtures 
used  generally  in  aqueous  solutions,  have  hitherto  been 
employed.  The  division  of  the  cost  of  electrolysis  between 
two  final  products,  taken  in  conjunction  with  the  reduction  of 
the  electromotive  force  required  for  the  deposition  of  zinc,  are 
again  advantages  of  the  highest  order,  which  should  be  as  accept- 
able to  the  organic  chemist  as  to  the  metallurgist. 

Use  of  Depolarising  Agents. — The  next  group  of  patents  is  con- 
cerned with  the  discovery  of  suitable  depolarising  media  mainly 
for  the  anode.  In  certain  respects  these  methods  may  be 
classified  with  those  just  described ;  but  they  differ  from  them 
in  that  the  products  of  the  work  at  the  anode  are  not  utilisable  or 
are  worthless. 

Coehn*  has  recently  proposed  to  use  lead  accumulator 
plates  as  anodes  for  the  electrolysis  of  oxygen  salts,  such  as  sine 
sulphate,  and  when  they  have  become  thoroughly  peroxidised  on 
the  surfakce,  to  utilise  them  for  the  generation  of  electricity  in  lead 
peroxide — sulphuric  acid — carbon  elements.  But  no  account  has 
yet  appeared  of  the  practical  application  of  this  method. 

Pertschf  electrolyses  mixtures  of  haloid  salts  with  oxalates. 
The  use  of  oxalic  acid  or  oxalates  has  long  been  known  in  con- 
nection with  Classen's  analytical  processes  in  which  they  have 
been  very  successfully  applied,  but  they  would  be  too  costly  for 
technical  work. 

Cassell  and  Kjallin  |  effect  the  electrolysis  of  zinc  sulphate  solu- 
tions in  a  cathode  compartment  with  porous  walls,  using  an  iron 
anode  in  a  solution  of  sulphate  of  iron.  The  use  of  diaphragms, 
however,  introduces  difficulties  (as  already  explained),  whilst  no 
solid  zinc  deposit  can  be  obtained  in  presence  of  iron. 

To  prevent  the  formation  of  spongy  zinc  Siemens  &  Halske  § 
recommend  the  use  of  weak  solutions  of  halogens,  or  of  hypo- 
chlorous  or  hypobromous  acid,  and  similar  halogen  compounds, 
because  these  inventors  attribute  the  production  of  the  sponge 
to  the  formation  of  hydride  of  zinc  at  the  cathode,  and  so  would 
oxidise  the  hydrogen  by  means  of  these  added  substances,  which, 
as  above  remarked,  are  only  used  in  very  small  proportions. 

*  German  Patent  79,237,  1893.  [Note.— In  Coehn's  English  Patent 
23,478,  Dec.  6,  1893,  it  may  be  noted  that  the  use  of  lead  cathode  plates 
is  recommended  when  oxygen  is  being  prepared  electrolytically.  Hydrogen 
is  absorbed  by  the  lead  until  the  metal  is  saturated  and  the  gas  is  freely 
evolved.  The  plates  are  then  renewed,  the  hydrogen  plates  being 
employed  as  the  positive  plates  in  a  galvanic  battery  in  place  of  zinc.  A 
combination  of  the  two  processes  might  be  more  feasible  than  that  in  the 

text. — T&AHSLATOR.] 

t  German  Tatent  66, 18a. 

t  German  Patent  67,303 ;  and  English  Patent  21,193,  Nov.  22,  1892. 

§  German  Patent  66,692.    [English  Patent  12,731,  July  11,  1892.] 
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The  patent  specification  contains  only  the  assertion,  but  no 
proof,  of  the  existence  of  a  hydride  of  zinc.  The  author  does 
not  believe  in  the  hydride  hypothesis,  but  agrees  rather  with 
the  views  of  Mylius  and  Fromm  on  this  point,  and  can  indeed 
corroborate  them,  for  he  has  obtained  the  same  result  as 
Siemens  &  Halske  by  the  use  of  reducing  agents  such  as  sul- 
phurous, phosphorous,  and  hypophosphorous  acids  in  the 
cathode  compartment. 

Lindemann's  Process. — So  also  the  substance  recommended  for 
use  by  Lindemann*  is  anything  but  oxidising;,  yet  it  is  capable 
of  giving  very  good  results  unless  its  residue,  after  prolonged 
use,  should  render  the  bath  too  impure.  It  consists  of  precip- 
itated zinc  sulphide  suspended  in  the  electrolyte  during  the 
time  of  electrolysis.  The  conditions  to  be  observed  in  practice 
are  minutely  described  in  the  patent  specification,  the  more  im- 
portant portion  of  which  is  here  translated  :— "  A  concentrated 
aqueous  solution  of  zinc  sulphate  of  37 **  to  38""  B.,  which  cor- 
responds to  about  50  per  cent,  of  ZnSO^  +  THgO,  is  used.  This 
solution  must  be  freed,  if  necessary,  from  any  metal  that  is 
capable  of  being  precipitated  by  metallic  zinc  It  is  placed  in  a 
cubical  lead-lined  wooden  vat,  which  afterwards  serves  as  an 
electrolytic  tank.  Here  it  is  treated  with  hydrogen  sulphide 
until  it  is  saturated  with  the  gas,  whereby  a  considerable  pre- 
cipitate of  the  insoluble  white  sulphide  of  zinc  is  produced  ;  and 
this,  after  a  time,  sinks  to  the  bottom.  As  soon  as  the  volume 
of  the  precipitate  ceases  to  alter,  and  the  latter  occupies  about  i 
to  ^  of  the  total  contents  of  the  tank,  the  supernatant  acid 
liquid  is  drawn  off  and  neutralised  with  such  bye-products  from 
smelting  processes  as  contain  zinc  oxide,  as,  for  example,  with 
zinciferous  furnace  accretions,  or  flue  dust.  It  must  not  be 
overlooked,  however,  that  objectionable  constituents  may  thus  be 
added  to  the  solution,  and  these  must  be  separated  by  means  of 
metallic  zinc  before  use,  because  the  purity  of  the  electrolytically 
deposited  zinc  is  dependent  upon  that  of  the  zinc  sulphate 
solution  employed.  Small  proportions  of  iron,  manganese, 
nickel  and  cobalt  sulphates,  however,  exert  no  prejudicial  effect 
during  electrolysis,  and  are  without  influence  upon  the  quality 
of  the  zinc  obtained. 

"A  neutral  solution  of  zinc  sulphate  of  the  above  concentration 
is  then  added  to  the  precipitate  of  zinc  sulphide,  which  must 
always  be  present  in  sufficient  quantity  in  the  tank ;  and  this 
precipitate  is  distributed  uniformly  through  the  liquid  by 
stirring.  The  cathodes,  which  are  cut  from  rolled  sheets  of 
refined  lead,  are  then  suspended  in  the  bath  so  prepared  by 
means  of  small  leaden  strips  attached  to  them,  which  serve  to 
make  contact  with  the  electrical  conductor.  The  anodes  are 
made  from  stronger  leaden  plates,  about  4  mm.  [0*16  in.]  thick, 

*  Gernum  Patent  81,640,  1894. 
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and  are  connected  to  the  positive  pole  of  the  dynamo.  They  are 
placed  about  10  cm.  [4  in.  J  apart,  and  in  the  space  between  them, 
about  equidistant  from  each,  hang  the  thinner  leaden  cathodes, 
connected  with  the  negative  pole.  The  edges  of  the  cathode  sheets 
are  painted  over  with  asphalte  varnish  before  suspending  them 
in  place,  so  that  the  zinc  deposit  may  be  conveniently  removed 
after  it  has  attained  a  thickness  of  1  to  1*5  mm.  [0*04  to  0*06  in.]. 
Later,  the  deposited  zinc  plates,  trimmed  uniformly  at  the  edges, 
are  substituted  for  the  leaden  cathodes. 

"  During  electrolysis  the  precipitate  must  be  kept  constantly 
in  motion  in  the  bath,  which  is  best  done  on  a  large  scale  by  the 
circulation  of  the  solution  ;  for  the  quality  of  the  deposited  zinc 
is  mainly  dependent  on  the  zinc  sulphide  suspended  in  the  liquid. 
The  anodes  in  this  process  are  gradually  converted  on  the  surface 
into  lead  peroxide,  which  would  scale  off  in  the  baths  if  they 
were  not  removed  from  the  tanks  from  time  to  time,  washed  with 
water,  and  freed  from  the  loose  dark  layer  of  oxide.  They  are 
ultimately  replaced  by  new  lead  plates. 

"  As  already  explained,  the  finely  divided  sulphide  of  zinc  in 
the  liquid  has  a  marked  effect  on  the  character  of  the  separated 
metal,  and  causes  it  to  deposit  in  a  good  solid  form  ;  it  does  not, 
however,  prevent  the  bath  from  becoming  gradually  more  and 
more  acid  with  sulphuric  acid  as  the  electrolysis  proceeds,  until 
at  last  a  limit  is  reached  at  which  no  further  quantity  of  zinc  can 
be  deposited,  because  the  action  of  the  main  current  of  electro- 
lysis is  weakened  by  the  polarisation  in  the  cell.  This  point  is 
reached  when  the  electrolyte  contains  54  to  56  grms.  per  litre 
[5 '5  to  5*6  per  cent,  or  3850  to  3900  grains  per  gallon]  of  free 
acid  (H^SO^),  with  a  current  density  of  108*5  amperes  per  sq. 
metre  [0*0694  amp.  per  sq.  in.].  Before  this  extreme  limit  is 
attained,  however,  all  the  cathodes  are  lifted  out  of  the  bath  and 
immersed  in  water,  in  order  to  purify  them  from  solution,  and 
from  the  adherent  zinc  sulphide.  The  acid  liquid  is  run  off  into 
a  separate  reservoir  in  order  to  allow  the  precipitate  to  settle, 
and  the  tank  is  then  re-charged  with  neutral  zinc  sulphate  and 
with  zinc  sulphide,  and  after  re-introducing  the  electrodes  the 
current  is  passed  anew. 

"  During  the  electrolytic  process  there  is  a  gradual  decomposi- 
tion of  zinc  sulphide  in  the  bath  owing  to  the  action  upon  the 
sulphide  of  the  free  acid  that  is  generated ;  but  no  notable 
quantity  of  hydrogen  sulphide  escapes  into  the  air,  at  least,  not 
in  sufficient  quantity  to  be  prejudicial  to  the  health  of  the 
operators.  The  precipitate,  at  first,  alters  in  its  physical 
properties,  becoming  yellowish  in  colour,  and,  at  the  same  tim^e, 
denser  and  heavier,  so  that  it  subsides  more  rapidly  to  the 
bottom.  On  continuing  the  electrolysis  all  the  zinc  sulphide 
will  become  used  up,  leaving  a  dirty  yellow  film  of  sulphur  on 
the  surface  of  the  bath.       The  formation  of  free  sulphur  is 
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explained  by  the  circumstance  that  daring  electrolysis  with 
insoluble  anodes,  some  active  (ozonised^  oxygen  is  always  pro- 
duced at  the  positive  electrodes,  whicn  is  partly  used  up  in 
converting  the  lead  of  the  anode  into  peroxide,  and  partly  in 
•decomposing  the  hydrogen  sulphide  produced  from  the  sulphide 
of  zinc,  and  thus  causing  a  separation  of  sulphur. 
i  '<  Fresh  sulphide  of  zinc  must,  therefore,  be  added  to  the 
bath  from  time  to  time,  or  else  the  zinc  sulphate  solution, 
which  is  slightly  acid  at  first,  may  be  electrolysed  only  so 
long  as  corresponds  to  the  resistance  of  the  zinc  sulphide  to 
the  acid  which  is  liberated  in  the  solution.  The  point  at 
which  the  action  must  be  stopped  may  be  determined  by 
leading  hydrogen  sulphide  into  a  50  per  cent,  solution  of  zinc 
sulphate.  In  this  case  precipitation  of  zinc  sulphide  ceases  when 
the  filtered  solution  contains  about  18  grms.  of  free  acid  per 
litre  [1260  grains  per  gallon].  This  corresponds  (in  round 
numbers)  to  about  12  grms.  [810  grains  per  gallon]  of  zinc; 
•consequently,  12  kilogrammes  of  zinc  may  be  obtained  electro- 
lytically  from  1  cb.  metre  [J  lb.  per  cb.  ft.]  of  a  neutral  solution, 
which  is  mixed  with  zinc  sulphide,  before  it  becomes  necessary 
to  change  the  solution.  But  if  the  process  be  allowed  to  proceed 
further,  at  least  three  times  this  quantity  may  be  reduced  from 
1  cb.  metre  (of  course  at  the  expense  of  the  zinc  sulphide),  since 
•according  to  the  above,  the  maximum  limit  of  acidity  is  reached 
with  56  grms.  per  litre.  If  the  second  alternative  be  decided 
•upon,  it  is  necessary  to  have  a  sufficient  reserve  of  zinc  sulphide 
always  at  hand.  This  may  conveniently  be  made  from  weaker 
solutions,  such  as  result  from  the  exti*action  of  residues  containing 
but  little  zinc;  only  in  that  case  the  liquid  must  be  purified 
before  use  by  contact  with  metallic  zinc  in  order  to  effect  the 
removal  of  any  small  quantities  of  injurious  metals  of  the 
hydrogen  sulphide  group  that  may  be  present. 

'*  Chemical  analysis  of  the  deposited  zinc  fails  to  show  the 
presence  of  any  foreign  substances,  excepting,  perhaps,  a  little 
zinc  sulphide  which  has  been  retained  mechanically,  and  which 
might  have  been  removed  by  more  thorough  brushing  and  wash- 
ing. This  circumstance  should  add  to  the  profitableness  of  the 
process  when  applied  on  a  large  scale.  The  current  density,  as 
already  indicated,  should  be  108*5  amperes  per  sq.  metre." 
{[0'07  amperes  per  sq.  in.] 

Nahnsen's  Experiments. — The  patents  still  remaining  for  dis- 
cussion seek  to  remove  the  difficulties  which  stand  in  the  way 
of  the  production  of  dense  deposits,  by  the  regulation  either  of 
the  current,  of  the  manner  of  applying  the  current,  or  of  the 
temperature;  and  by  obtaining  as  pure  an  electrolyte  as  possible, 
•or  by  submitting  it  to  brisk  agitation. 

Nahnsen,*  in  the  first  place,  found  that  when  the  temperature 

*  German  Patent  56,700. 
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of  the  electrolyte  was  low,  the  current  density  employed  most 
be  smaller.  The  advantages  of  working  with  low  current 
densities  may  thus  be  attained  by  cooling  the  electrolytic 
solutions ;  for  the  zinc  deposit  varies  according  to  the  following 
table : — 


Amperes. 

Temperatares  of  solutiODs. 

Feriq. 
metre. 

Per  sq.  in. 

0* 

lO* 

20* 

SO* 

10 

50 

100 

150 
200 

0-0064 

00323 

00645 

0-0968 
0-1290 

Solid. 

>> 

»> 

i> 
»» 

Incipient 

Bponginess. 

Spongy. 

SoUd. 

tt 
If 

Spongy. 

Incipient 

Bpongbess. 

Spongy. 

Solid. 
»f 

Spongy. 

Spongy. 

Incipient 
sponginett. 

Further  experiments,  however,  have  led  Nahnsen  to  alter  his 
opinions  on  this  subject ;  and  the  statement  of  his  later  views 
may  be  taken  from  a  subsequent  [British]  specification,*  in 
which  he  writes  that  the  double  sulphates  of  zinc  and  alkali 
metals,  proposed  by  Herrmann,  permit  the  use  of  lower  current 
densities  than  do  the  simple  zinc  salts,  which  had  been  referred 
to  in  the  earlier  patent.  The  conductance  of  the  double  salts 
is,  however,  said  to  be  less  than  that  of  the  single  salts  by  reason 
of  their  inferior  solubility.  Again,  in  these  double  salts  the 
zinc  forms  a  constituent  of  the  anion,  and  so  (accompanied  by 
two  SO4  groups)  finds  its  way  to  the  anode,  while  the  zinc 
deposited  at  the  cathode  is  reduced  by  secondary  action.  This 
peculiarity  of  the  double  salt  has  in  practice  led  to  very  unsatis- 
factory results,  which  render  the  regular  working  of  the  elec- 
trolysis in  the  baths  almost  impossible. 

'*  When  a  soluble  anode  is  employed  for  the  purpose  of  separat- 
ing or  refining  metals,  a  solid  salt  is  formed  at  the  anode  even 
at  a  very  low  density  of  current,  and,  finally,  the  passage  of  the 
current  is  interrupted.  When  using  a  solution  of  simple 
sulphate  of  zinc  at  a  concentration  of  30**  Beaum^,  and  a  current 
having  at  the  anode  a  density  of  418  amperes  per  sq.  yard 
[0*32  amp.  per  sq.  in.],  no  crystallisation  takes  place,  but  when 
employing  a  concentrated  solution  of  sulphate  of  zinc  and 
ammonia  the  formation  of  zinc  is  already  observed  with  a 
current  of  63  amperes  per  sq.  yard  [0*048  amp.  per  sq.  in.l 
The  reason  of  this  chemical  process  is,  that  in  the  last-mentioned 
salt  two  equivalents  of  sulphate  of  zinc  go  to  the  anode. 

*  GomiMi  Patent  71,155.    [English  Patent  2913,  Feb.  15,  1892.] 
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"  When  employing  an  insoluble  anode  the  conditions  are  still 
more  complicated.  When  electrolysing  sulphate  of  zinc  alone 
it  is  decomposed  into  Zn  and  SO^,  the  latter  forming  sulphuric 
acid  by  combining  with  the  water  and  giving  off  one  atom  of  oxy- 
gen; this  sulphuric  acid  being  specifically  lighter  than  sulphate 
of  zinc  rises  to  the  surface.  A  double  alkaline  salt,  for  instance 
sulphate  of  potash  and  of  zinc,  is,  under  ordinary  circumstances^ 
decomposed  by  electrolysis  into  K  and  ZnSO^  .  SO^,  so  that 
even  when  employing  an  insoluble  anode  an  agglomeration  of 
sulphate  of  zinc  is  formed  at  the  same  whereby  the  nascent  free 
acid  is  drawn  to  the  bottom.  The  slightest  changes  in  the  con<» 
centration  of  the  electrolyte,  on  which,  changes  largely  depends 
the  quality  of  the  zinc  belonging  to  the  anion  or  the  cathion, 
influence  this  process,  and  the  practical  result  of  the  latter  is, 
that  part  of  the  nascent  acid  rises  to  the  surface,  but  by  far  the 
greater  portion  of  the  same  sinks  to  the  bottom.  Even  the  best 
regulated  and  best  conducted  circulation  is  at  length  insufficient 
to  prevent  the  stiated  inconvenience.  A  remedy  may  be  found 
in  employing  very  diluted  solutions,  but  there  the  conductivity 
is  so  much  decreased  that  no  sensible  advantage  is  secured. 

"Now  I  have  ascertained  by  experiments  that  the  decom*^ 
position  of  the  double  salts  of  sulphate  of  alkali  and  zinc  is 
influenced  by  the  temperature  in  the  same  measure  as  by  a 
dilution  of  the  electrolyte  ^a  fact,  the  probability  of  which  was 
also  indicated  by  the  theory.  It  is  possible  to  ascertain  experi- 
mentally the  changes  in  the  decomposition  from  degree  to  degree. 
Between  104°  and  122'  F.  [40^*  and  50'  C]  the  point  is  reached 
at  which  the  decomposition  of  the  double  salt  into  the  simple 
salt  is  completed.  In  practice  I  prefer  to  employ  a  temperature 
of  122'  to  140**  F.  [50*  to  60'  C],  and  I  obtain  thereby  with 
perfect  security  a  decomposition  taking  place  in  the  same  manner 
as  when  simple  salts  are  used ;  and  all  the  nascent  acid,  as  in 
the  latter  case,  rises  to  the  surface.  ...  Notwithstanding 
the  character  of  a  double  salt  being  completely  wanting  in  the 
electro-chemical  sense,  the  relation  between  the  density  of  the 
current  at  the  cathode  and  the  deposit  of  zinc  has  remained  the 
same,  and  it  is  thereby  clearly  shown  that  it  is  not  the  quality 
of  the  electrolyte  of  being  a  solution  of  a  double  salt  which  is 
the  first  condition  for  the  employment  of  currents  of  low 
density,  but  only  the  partial  or  complete  secondary  reduction  of 
the  zinc  by  the  primary  alkali. 

''Having  ascertained  these  facts  by  experiments  I  still 
improve  the  electrolyte  by  reducing  the  proportion  of  zinc,  or 
of  sulphate  of  zinc,  in  the  same,  as  far  as  the  intended  density 
of  the  current  permits.  Thus  I  employ  a  very  diluted  solution 
of  sulphate  of  zinc  containing  but  IJ  to  2|  ozs.  of  crystallised 
sulphate  of  zinc  per  litre  [i  to  |  lb.  per  gallon]  according  to  the 
density  of  the  current,  and  enrich  this  solution  with  sulphate  of 
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Alkali — I  may  also,  but  with  leas  favourable  result^  employ 
aulphate  of  magnesia — of  which  I  take  as  much  as  will  be  dis- 
solved at  the  temperature  at  which  it  is  to  be  used,  or,  for 
practical  reasons,  at  a  temperature  about  18*  F.  [10*  C]  below 
the  first.  The  electrolyte  which  I  employ  contains  1}  to  2f  oz. 
of  crystallised  sulphate  of  zinc  and  10^  to  5|  oz.  of  sulphate  of 
Alkali  per  litre  [3  to  1^  lbs.  per  gallon]  according  to  the  density 
of  the  current" 

Using  condensing  engines,  Nahnsen  states  that  he  is  able  by 
this  process  to  extract  1  ton  of  zinc  from  its  ore  at  an  expenditure 
•of  from  3  to  3|  tons  of  coal,  according  to  the  calorimetric 
value  of  the  fuel.  In  one  experiment,  conducted  at  a  temper- 
ature of  92*  C,  and  with  a  current  density  of  100  amperes  per 
«q.  metre  [0*064  amp.  per  sq.  in.],  the  deposit  of  zinc  was  not 
spongy,  even  though  bubbles  of  steam  were  formed  at  the 
•cathode. 

Nahnsen's  views  concerning  the  action  of  electrolysis  in  the 
•experiments  which  he  has  described  in  his  patent  specification 
may  be  allowed  to  remain  as  they  are  expressed  above.  But  the 
fact  may  be  brought  into  prominence  that  persulphate  of  zinc  is 
formed  at  the  anode  when  the  current  density  reaches  500 
amperes  per  sq.  metre  [0*32  amp.  per  sq.  in.]. 

Coehn's  Process. — Ooehn*  seeks  to  prevent  the  evolution  of 
hydrogen  (1)  at  the  cathodes  which  gives  rise  to  spongy  deposits 
when  low  current  densities  are  used,  by  interrupting  the  current 
from  time  to  time.  Thus,  with  a  density  of  50  amperes  per  sq. 
metre,  a  solution  of  zinc  sulphate  should  give  a  more  solid 
-deposit  if  the  current  be  broken  about  50  times  to  the  minute. 
In  order  that  the  time  during  which  the  current  is  interrupted 
may  not  be  wasted,  a  continusJ  alternation  of  the  current  between 
two  sets  of  baths  may  be  effected  by  means  of  a  mechanical  switch. 

Gowper-Coles'  Process. — Cowper-Coles,t  considering  that  an 
irregular  current  favours  the  deposition  of  solid  deposits,  starts 
the  electrolysis  with  a  current  of  500  amperes  per  sq.  metre 
TO '32  amp.  per  sq.  in.l  but  at  intervals  of  eight  minutes  he 
increases  the  density  of  the  current  very  considerably.  More- 
over, he  maintains  zinc  dust  in  suspension  in  the  electrolyte. 
His  process  is  intended  for  electro-plating  with  zinc  ("galvan- 
ising"), and  it  is  quite  evident  that  it  would  be  impossible  to 
introduce  zinc  dust  into  the  vats  in  the  extraction  of  zinc  from 
the  ore ;  but  the  suggestion  is  noteworthy,  because  it  afibrds 
Additional  evidence  that  the  formation  of  zinc  sponge  may  be 
prevented  by  the  application  of  a  reducing  agent. 

Hoepfher's  Process. — Hoepfher,  in  conclusion,!  seeks  the  solu- 

*  German  Patent  75,482,  1893. 

t  German  Patent  79,447,  1894.    [Cf.  English  Patents  21,760,  Kov.  14, 
1893 ;  and  7145,  April  10,  and  19,797,  Oct.  17,  1894.] 
t  English  Patent  13,336,  July  8,  1894. 
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tion  of  the  problem  of  obtaining  solid  deposits  by  the  use  of 
rotating  cathodes.  In  this  way  a  brisk  movement  may  be  main- 
tained in  the  electrolyte,  so  that  any  tendency  to  separation  in 
the  solution  may  be  obviated.  A  chloride  solution  is  used  as 
electrolyte.  For  the  recovery  of  the  chlorine,  porous  cells  must 
be  arranged  as  anode  compartments  between  the  cathodes. 
Such  arrangements  have  undoubtedly  proved  satis&ctory,  but 
they  are  wanting  in  novelty.* 

[The  Ashcroft  Process. — This  process  has  been  devised  mainly 
for  the  treatment  of  the  Broken  Hill  ore  (New  South  Wales), 
which  contains  about  25  to  30  per  cent,  of  zinc,  and  26  to  30 
per  cent,  of  lead,  both  as  sulphides,  with  20  to  30  oz.  of  silver 
per  ton,  and  for  which  no  satisfactory  process  has  yet  been  found. 
An  account  has  been  given  by  Swinburne,!  from  which  it  is 
explained  that  the  finely  divided  ore  is  to  be  roasted  sufficiently 
to  convert  the  bulk  of  the  zinc  into  oxide,  without  endeavouring 
to  perfect  the  calcination,  as  it  is  cheaper  in  this  instance  to 
waste  a  portion  of  the  zinc  than  to  push  the  roasting  to  com- 
pletion. The  roasted  ore  is  then  leached  with  a  solution 
containing  ferric  salts  with  sulphate  and  chloride  of  zinc.  In 
this  way  the  oxide  of  zinc  in  the  ore  exchanges  places  with  the 
dissolved  persalt  of  iron,  so  that  ferric  hydroxide  separates  and 
is  allowed  to  settle,  whilst  a  soluble  zinc  compound  is  formed. 
Lead  sulphate — the  product  from  the  roasting  of  lead  sulphide — 
would  remain  almost  insoluble.  The  solution  of  zinc  is  then 
conveyed  to  the  vats  containing  metallic  zinc  plates  or  shavings, 
upon  which  all  the  silver  in  the  solution  should  be  deposited  by 
simple  exchange.  After  this  it  is  transferred  to  the  (wooden) 
electrolyte  tanks,  which  are  divided  into  two  by  a  porous 
partition  of  close-textured  canvas.  Three  tanks  are  used  in 
series ;  in  the  first  two  crude  wrought-iron  anodes  are  used,  so 
that  for  each  equivalent  of  zinc  deposited  in  the  cathode  cell  an 
equivalent  of  iron  is  dissolved  at  the  anode.  It  is  to  prevent 
the  passage  of  this  iron  into  the  cathode  chamber  that  the  porous 
division  must  be  employed,  and  the  level  of  the  liquid  in  the 
latter  division  is  higher  than  that  in  the  anode  cell.  In  the 
third  cell  carbon  anodes  are  employed,  and  at  these  the  ferrous 
salts  formed  in  the  earlier  compartments  are  peroxidised,  so  that 
the  cathode  solution  may  be  used  to  leach  another  batch  of  ore. 
It  is  necessary  that  all  the  iron  shall  be  peroxidised,  as  ferrous 
oxide  would  not  be  deposited  in  the  leaching  vats,  and  for  this 
reason  it  is  generally  preferred  to  carry  the  cathode  reactions  so 
far  that  a  small  proportion  of  hypochlorite  may  also  be  present. 
Sheet-zinc  cathode  plates  are  used,  and  the  sponginess  of  the 
deposit  is  said  to  have  been  overcome  by  the  use  of  a  solution 
containing  basic  salts  of  zinc,  which  are  inevitably  produced  in. 

*  Cf.  Zine  Boning  on  p.  286,  tt  teg. 
fJoum.  Soe.  of  Arts,  1896,  vol.  xliv.,  p.  820. 
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the  leaching  of  an  excess  of  zinc  oxide  with  a  solution  of  nonnal 
zinc  salts.  About  one-third  of  the  zinc  present  in  the  solutions 
is  deposited  during  one  passage  through  the  electrolysis  house. 
Zinc  sulphate  dissolving  as  such  from  the  calcined  ore,  and 
certain  impurities,  such  as  alumina  and  manganese  salts,  tend  to 
accumulate  in  the  solution ;  and  to  prevent  this  a  certain  pro- 
portion of  the  liquid  is  allowed  to  run  to  waste  after  each 
operation,  an  equal  volume  of  sea-water  being  added  in  its 
place.  No  hint  is  given  in  the  paper  as  to  the  current  density 
or  other  conditions  that  are  recommended.  It  remains  to  be 
seen  whether  the  process  may  prove  successful  in  spite  of  the 
complications  introduced  by  the  necessity  to  obtain  complete 
precipitation  of  iron  during  the  leaching  of  the  calcined  ore, 
superadded  to  the  difficulties  involved  in  the  use  of  partitions  in 
the  electrolyte  cells,  and  in  obtaining  a  good  reguline  deposit  of 
zinc. — Travslator.] 

Modem  Industrial  DeTelopments. — The  matter  collated  in 
the  above  account  does  not  include  all  that  has  yet  been  pub- 
lished in  relation  to  the  interesting  and  important  question  of 
the  commercial  extraction  of  zinc  by  electrolysis.  Of  the  remain- 
ing points,  some  will  be  mentioned  within  the  next  few  pages, 
whilst  many  may  be  passed  over  as  having  no  importance  from  a 
technical  point  of  view.  Nevertheless,  an  examination  of  many 
of  these  latter  proposals  might  lead  to  the  discovery  of  useful 
matter,  which,  at  the  right  time  and  in  the  right  place,  could  be 
applied  with  good  effect. 

The  author  is  unable  to  record  the  results  of  work  on  a  large 
scale.  It  is,  however,  only  after  lengthy  experiments,  extend- 
ing over  some  years,  that  electrolytic  zinc  extraction  has  been 
started  at  Duisburg  on  a  large  scale  at  the  works  of  Sicilia  and 
Siegena,  and  these  works  are  unquestionably  still  engaged  in 
extensive  experiments.  Hoepfner,  also,  is  constantly  experi- 
menting at  Jiihrfuhrt  on  the  Lahn.  And  the  construction  of  a 
third  plant — that  of  E.  Mathes  and  Weber  at  Duisburg — has 
still  not  advanced  beyond  the  plan  stage.  It  is,  therefore,  at 
present,  unreasonable  to  expect  published  descriptions  of 
processes  which  have  been  worked  out  at  such  cost.  The 
following  remarks  are  therefore  based  on  the  accounts  which 
have  been  recorded  earlier  in  this  Chapter,  together  with  the 
results  of  observations  that  the  author  has  himself  made,  but 
that,  for  various  reasons,  have  not  previously  been  pub- 
lished. 

Conditions  for  the  Electrolytio  Extraction  of  Zinc. — 
Enough  has  already  been  said  above  concerning  the  electrolytic 
treatment  of  zinc  alloys,  and  especially  of  the  zinc  crusts  of 
the  Rossler-Edelmann  process  for  the  desilverisation  of  work- 
lead. 

At  the  present  time  interest  is  mainly  centred  in  the  treat- 
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meiitof  nnc-bearing  pyrites,  and  of  the  residue  from  such  material 
affcer  it  has  been  roasted  for  the  manufacture  of  sulphuric  acid, 
and  in  the  working  of  galena  mixed  with  blende.  These  raw 
materials  could  not  well  be  treated  by  the  usual  metallurgical 
processes  of  roasting  and  distillation.  The  roasted  zinciferous 
pyrites  was  almost  useless,  since  it  could  not  be  employed  in 
iron  smelting,  owing  to  the  qu^uitity  of  zinc  and  sulphur  that 
remained  in  it;  whilst  the  blende  and  galena,  so  far  as  the 
mixture  could  not  be  separated  by  dressing,  yielded  its  zinc 
in  the  form  of  sulphate,  which  is  an  almost  unmarketable 
product. 

The  Solntion  of  the  Zinc. — In  treating  the  residues  from  burnt 
zinc-bearing  pyrites,  they  should  be  subjected  to  a  sulphating  or 
ohloridising  roast.  Richer  zinc  ores  are  not  treated  electro- 
lytically  at  present.  Even  in  chloridising  roasting  the  formation 
of  sulpnates  is  unavoidable ;  but,  if  it  be  desired  to  electrolyse 
chloride  solutions,  a  satisfactory  and  cheap  medium  for  the  con- 
version of  zinc  sulphate  into  the  chloride  is  found  in  the  calcium 
chloride  liquors  of  the  ammonia-soda  process,  the  calcium  of  this 
solution  becoming  converted  into  sulphate  by  the  exchange. 
For  an  account  of  the  method  of  conducting  the  roasting  process, 
and  of  the  plant  required,  reference  must  be  made  to  the  hand- 
books on  this  subject. 

Porification  of  the  Solutions. — The  zinc  solution  obtained  by 
one  or  other  of  the  above  methods  is  rendered  as  nearly  neutral 
as  possible  by  the  addition  of  oxide  or  roasted  zinc  ores,  or  zinc 
residues.  The  waste  materials  from  the  zinc  works  are  especially 
suitable  for  this  purpose,  as  they  contain  metallic  zinc,  which  is 
capable  of  changing  places  with  several  metals  that  cannot  be 
precipitated  as  oxides  by  oxide  of  zinc.  Zinc  dust  is  recom- 
mended for  the  purpose,  and  its  use  has  even  been  patented; 
but  it  cannot  generally  be  regarded  as  a  cheap  reagent.  When 
the  solution  is  neutral,  or  slightly  basic,  it  may  still  contain  iron 
in  the  form  of  ferrous  salt ;  and  this  met^l  can  only  be  extracted 
if  the  ferrous  salts  be  peroxidised  into  the  ferric  state.  Larger 
quantities  of  iron  may  be  extracted  by  the  method  (the 
originality  of  which  is  somewhat  doubtful),  which  was  patented 
by  the  AktiengeseUschafi  (formerly)  Egestorff"*  Scdzwerke,^  and 
which  consisted  in  blowing  a  current  of  air  through  the  solution 
after  adding  calcium  carbonate  to  it.  If  the  solution  contain 
the  zinc  in  the  form  of  chloride  the  iron  may  be  oxidised  «nd 
precipitated  by  the  addition  of  chloride  of  lime;  the  calcium 
chloride  which  remains  in  the  solution  having  no  prejudicial 
effect  on  the  subsequent  process.  When  only  a  small  percentage 
of  iron  is  present  it  may  be  most  readily  precipitated  by  ^e 
addition  of  soda,  or  zinc  oxide,  or  carbonate,  mixed  with  a 
chromate  solution;  the  oxide  of  chromium,  produced  by  the 

*  Oennan  Patent  23,712.        / 
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reduction,    is    separated    along    with    the    ferric    hydroxide, 

thus : — 

6Fe€n,    +    2Na,Ci04    +    iNftsCOs    +    12H,0 
=  3Fes(0H)e  +  Cri(OH)e  +   ISNaO  +  4C0, 

Pfleger  *  recommends  for  the  precipitation  of  foreign  metals 
the  use  of  basic  zinc  salts  (ZnClj.  3ZnO,  or  ZnSO^.  4ZnO)  which 
he  obtains  by  the  solution  of  zinc  oxide  in  neutral  salts.  This 
medium  is  very  suitable  if,  as  already  pointed  out,  ferrous  salts 
have  been  previously  peroxidised,  otherwise  iron  would  not  be 
precipitated.  The  liquid,  after  purification  in  this  manner,  is 
passed  through  a  filter  press,  and  may  then  be  used  at  once  as 
an  aqueous  solution;  or  it  may  be  evaporated  to  dryness,  if 
the  chlorides  are  to  be  electrolysed  in  the  fused  and  anhydrous 
condition.  A  lead-lined  wooden  vat  is  used  as  a  precipitating 
tank ;  the  evaporating  pans  may  consist  of  large  iron  vessels 
lined  with  lead. 

The  Apparatus  and  Conditions  for  Electrolysis. — These  depend 
primarily  upon  the  nature  of  the  salt»  and  secondarily  upon 
whether  an  aqueous  solution  or  a  fused  salt  is  to  be  treated, 
and,  finally,  upon  the  manner  in  which  the  anode  reaction  is  to 
be  utilised. 

The  electrolytic  vessel  may  be  made  of  wood,  or  of  wood  lined' 
with  lead,  for  the  electrolysis  of  aqueous  solutions.      The  vessels 
themselves  are  either  rectangular  tanks,  or  if  diaphragms  are  to  ■ 
be  used,  they  may  consist  of  frames  with  the  diaphragms  placed 
between  them,  constructed  after  the  pattern  of  the  filter  press. 

The  apparatus  shown  in  Figs.  153  to  156,  in  simple  form,  has 
been  used  by  the  author  for  experiments  in  which  the  use  of* 
diaphragms  was  necessary.  It  consists  of  a  number  of  frames, 
B,  which  are  held  together  by  means  of  a  screw-press  working 
in  a  horizontal  plane,  and  which  thus  forms  a  single  vat,  divided 
up  into  narrow  compartments  by  sheets  of  parchment  paper  or 
other  suitable  partitions.  A  frame  of  this  description  is  shown 
in  Figs.  153  and  154,  which  give,  first,  a  vertical  section  along 
the  line  AB  (Fig.  153),  and  then  a  horizontal  section  through 
0  D  (Fig.  164). 

The  wooden  planks,  S,  S,  u,  form  the  side  and  bottom  walls 
of  the  tanks,  and  are  70  to  80  mm.  thick  by  1 20  mm.  wide  [2f 
to  3^  in.  by  4f  in.].  The  top  is  covered  with  a  strip  of  wood  1 5  • 
to  20  mm.  thick  by  75  mm.  wide  [j  to  |  in.  by  3  in.l.  In  Fig. 
154  this  is  shown  surmounted  by  a  copper  strip,  M,  the  width  of 
which  is  equal  to  the  thickness  of  the  wooden  lath.  By  placing' 
O  and  M  a  little  out  of  the  middle  line  of  the  frame,  space  may 
be  left  for  the  admission  of  even  thick  electrodes.  At  each  end 
of  the  copper  strip,  M,  is  fastened  a  round  metal  rod  with  a 

•  IJ.S.A.  Patent  405,637,  April  18, 1893. 


thread  cut  in  luch  a  manner  that  the  frames  may  be  held  together 
b.7  the  screws  G.  One 
of  these  rods  is  made 
of  such  length  that 
a  slot  may  be  cut  in 
the  end  projecting 
beyond  the  screir 
thread  to  take  » 
wedge -sh^>ed  metal 
key,  W,  which  is 
attached  to  the  con- 
ducting wire.  Tho 
other  end  of  the  wire 
is  provided  with  a 
similar  wedge  by 
which  contact  is  made 
with  one  of  the  elec- 
trodes   in    the    next 


Fig.  l&S.     (End  «l«vatii>ii.) 

Apiaratna  for  eloctrolytis  of  x 


Fig.  156.     (Flan.) 
a  lolutioDB. 


bath.     Each  frame  contains  four  apertnren,  and  these,   when 
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all  the  frames  are  joined  up  together,  unite  to  form  four 
channels,  1, 1^,  X  and  X\  running  lengthwise  in  the  bath. 
From  the  ducts,  I  and  X,  narrower  passages,  %  and  x,  lead  into 
the  ciithode  compartments,  whilst  similar  passages  form  means  of 
communication  between  I^  and  X^  and  the  anode  cells.  The 
electrolyte  is  introduced  into  the  cathode  cell  through  the 
channel  I,  and  flows  away  through  X ;  and  the  channels  I^ 
and  X^  serve  for  a  similar  purpose  in  connection  with  the  anode 
compartment  Fig.  154  shows  a  cathode  plate,  K,  suspended 
from  three  metal  bands,  H.  The  cast-handles,  N,  are  screwed 
on  to  the  sides  of  the  frames,  so  that  they  serve  not  only  as 
handles,  but  as  supports,  resting  on  the  round  iron  bars,  P,  which 
are  about  100  mm.  [4  in.1  in  diameter.  These  rods  are  carried 
through  the  frame  of  tne  press,  Q  and  T  (Fig.  156),  and  are 
fastened  in  it  by  screws.  The  frames  themselves  are  pressed 
together  by  the  screw  and  hand-wheel,  r,  and  the  pressure  plate, 
Z,  which  also  rests  on  P.  Fig.  155  shows  an  end  view  of  the 
-pressure-plate,  Q. 

It  should  be  unnecessary  to  explain  that  the  electrolyte  may, 
if  desired,  be  circulated  through  the  various  anode,  or  cathode, 
compartments  successively,  instead  of  simultaneously,  the 
channels  in  the  wooden  frames  being  then,  of  course,  cut  to 
correspond  with  the  new  arrangement.  Numerous  modifications 
of  this  apparatus  have  been  patented,  but  nearly  all  the  details 
in  most  cases  are  devised  after  the  model  of  the  well-known 
osmosis  apparatus  of  the  sugar-refinery  and  the  newer  forms  of 
filter  press.  The  description  of  the  above  apparatus  is  given, 
less  by  way  of  recommendation  than  as  an  illustration  of  the 
principl&  Whenever  possible  electrolysis  should  be  conducted 
without  the  use  of  diaphragms,  and  this  is  easily  accomplished 
if  fused  zinc  chloride  be  operated  upon,  the  separated  dilorine 
being  recovered. 

The  forms  of  apparatus,*  constructed  by  the  author  for  the 
electrolysis  of  fused  zinc  chloride  for  the  recovery  of  zinc  and 
chlorine,  are  shown  in  Figs.  157  and  158.  Fig.  157  represents 
an  experimental  apparatus  for  use  with  a  current  of  100  to  150 
amperes,  whilst  Fig.  158  shows  one  intended  for  use  on  a  large 
scale.  In  each  figure,  B  is  a  leaden  vessel  of  circular  cross- 
section,  G  is  a  trough  completely  surrounding  the  apparatus,  and 
intended  for  the  reception  of  cooling  water.  K  is  the  cathode 
formed  of  zinc  plate,  connected  to  the  conducting  wire,  N ;  the 
method  of  cutting  this  cathode  to  the  required  shape  will  be 
explained  subsequently.  U  is  a  circular  groove  on  the  rim  of 
the  vessel  to  receive  the  cover,  D,  and  seal  it  in  place.  The 
anodes,  A,  are  carbon  rods  held  either  by  a  single  clamp,  V, 

*  Thii  apparatus,  as  well  as  that  described  in  the  Chapter  on  Sodifum 
<pp.  72-76),  lias  been  patented  with  the  author's  sanction  in  most  civilised 
countries  by  the  firm  of  Fr.  Homig,  of  Dresden  and  Taucha-Leipzig. 


Fig.  IS7. — Borchen'  ziiic-extnctioD  apparatus  (experlmeiital). 


Sli  BLSCTBIO  SKKLTIIia  ARD   BIFINlirO. 

when  aaly  one  carbon  is  used,  u  in  Fif;.  157 ;  or  by  a  ring- 
sb&ped  grip,  R,  common  to  all  the  anodei  aa  in  Fig.  158;  the 
clampR,  V  or  R,  make  connection  with  the  conducting  wire,  P. 
The  insulating  rings,  J,  are  only  required  for  the  larger  Teasel, 
which  haa  a  leaden  cover ;  the  lid  of  the  smaller  apparatus  ia 
made  of  fireclay.  The  leaden  vessel  stands  in  an  iron  trough 
filled  with  sand ;  this  latter  substance  serves  both  to  equalise 
the  heat  during  the  first  stage  of  external  firing,  and  to  minimise 
the  loss  of  heat  by  radiation  during  the  subsequent  internal 
heating  by  means  of  the  electric  current. 

In  use,  zinc  chloride  is  first  melted  in  the  apparatus  in  such 
quantity  that  the  vessel,  B,  is  filled  up  to  the  groove  on  th» 
rim,  the  zinc  cathode,  £,  is  then  introduced,  and  the  cover,  D, 
is  placed  in  position.  The  cover  is  suspended  so  that  it  does 
not  rest  quite  on  the  bottom  of  the  groove,  and  water  ia  then 
run  into  the  outer  trough,  Q;  the  efiect  of  this  is  to  cause  the 
solidification  of  the  salt,  S,  in  the  groove  aud  on  the  upper  rim  of 
leaden  vessel,  and  the  cover  is 
thus  sealed  firmly  in  position. 
Electrolysis  is  now  commenced, 
anil  if  a  high  current  density, 
such  as  1000  amperes  per  sq. 
metre  [0-645  amp.  per  sq.  in.]  of 
cathode  suriace  be  employed, 
sufficient  heat  will  be  generated 
to  enable  the  use  of  external 
firing  to  be  almost  dispensed 
with.  In  the  lai^er  apparatus 
only  so  much  fire  need  be  held  on  the  grate  as  will  ensure 
that  the  apparatus  does  not  become  chilled,  and  the  damper 
in  the  fine  may  be  left  with  only  a  narrow  passage  open, 
whilst  the  door  of  the  ashpit  is  completely  closed.  The 
smaller  apparatus  rests  on  a  cylinder  of  sheet  iron  over  a  triple 
burner.  During  electrolysis  the  zinc  becomes  deposited  upon 
those  portions  of  the  cathode  that  are  not  covered  by  solidified 
sslt,  while  the  chlorine  escapes  through  the  opening,  O.  Zinc 
chloride  is  added  from  time  to  time  through  another  opening,  £, 
in  the  cover,  so  that  the  level  of  liquid  in  the  vessel  msy  be  kept 
constant  When  the  zinc  has  been  deposited  in  sufiUcient  thick- 
ness, the  flow  of  cooling  water  in  G  is  stopped,  so  that  the  salt 
in  the  groove  may  become  fused,  the  cover  is  lifted  off  as  soon  as 
it  is  thus  loosened.  A  fresh  cathode  is  introduced  after  removing 
that  which  has  been  coated,  and  electrolysis  is  continued  as 
before.  The  shape  given  to  the  thin  zinc  sheet  for  the  cathode 
is  shown  in  Fig.  169.  Out  in  this  way  it  may  be  easily  bent  to 
the  required  form,  and  a  strip  of  zino  or  of  copper  may  be 
soldered  to  the  extension  piece  for  the  purpose  of  msxing 
contact. 
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[Lorenz*  has  also  proposed  the  electrolysis  of  fused  chlorides 
of  silver,  lead,  cadmium,  and  zinc,  as  a  means  of  separating  these 
substances  independently  from  their  mixed  ores,  by  a  system 
of  *<  fractional  electrolysis."  In  passing  a  current  of  moderate 
density  through  such  a  mixture,  silver  (practically  alone)  was 
first  deposited,  then  much  lead  with  little  zinc  and  cadmium, 
then  diminishing  proportions  of  lead  and  increasing  quantities 
of  the  remaining  metals,  and,  last  of  all,  pure  zinc] 

EleotromotiTe  Force  and  Current  Density. — The  various 
investigators  are  agreed  in  the  statement  that  the  current  density 
must  usually  be  much  higher  in  the  electrolysis  of  zinc  than  in 
the  separation  of  other  metals  from  dissolved  or  fused  com- 
pounds. In  using  aqueous  solutions  of  zinc  salts,  a  current  of 
less  than  100  amperes  per  sq.  metre  cannot  well  be  used,  whilst 
in  some  processes  the  minimum  is  200  amperes,  and  the  density 
may  range  from  this  up  to  700  amperes  per  sq.  metre ;  at  the 
same  time  in  such  solutions  the  E.M.F.  must  be  nearly  3  volts 
for  a  current  of  200  amp.  per  sq.  metre.  The  treatment  of  the 
fused  chloride,  however,  is  far  more  economical,  since  the 
E.M.F.  then  usTialiy  ranges  from  3  to  4  volts  if  the  current 
density  amount  to  1000  to  2000  amperes  per  sq.  metre 
[0-65  to  1*3  amp.  per  sq.  in.]  of  cathode  surface,  and  even  if  that 
at  the  anode  be  considerably  higher.  Such  a  voltage  would  be 
exceeded  in  aqueous  electrolytes  with  a  current  density  of  500 
amperes  per  sq.  metre.  The  use  of  molten  zinc  chloride  appears 
therefore  to  present  many  advantages  over  that  of  aqueous  solu- 
tions of  the  salts  of  the  metal.  With  equal  expenditures  of 
energy,  it  is  possible  to  deposit  in  the  former  instance  in  a  small 
apparatus  as  much  zinc  as  would  he  obtained  from  6  to  10  larger 
forma  of  apparatus  treating  aqueous  solutions.  Moreover,  the 
chlorine  is  recovered  without  the  use  of  diaphragms.  The  resulting 
zinc  may  be  melted  together  without  loss,  and  possibly  could 
even  be  rolled  out  direct,  if  long  trough-shaped  vessels  with  a 
V  cross-section  were  used. 

The  Prevention  of  Spongy  Zinc. — As  practical  re-agents 
for  the  prevention  of  spongy  zinc  in  aqueous  electrolytes,  reducing 
substances  and  weak  acids  in  the  cathode  compartments  with 
the  application  of  currents  of  suitable  density,  have  proved 
successful.  An  intermittent  increase  in  the  strength  of  the 
current  over  that  normally  used,  and  a  frequent  interruption  of 
the  current  have  equally  contributed  to  the  satisfactory  forma- 
tion of  thick  deposits  of  zinc. 

Utilisation  of  the  Anode  Beactions.  —  In  electrolysing 
aqueous  solutions,  it  is  possible  to  effect  the  oxidation  or 
chlorination  of  organic  compounds,  for  the  production  of  which 
the  peroxide  of  lead  (or  of  other  metals)  has  previously  been 

*  [English  Patent  25,074,  Dec.  24, 1894.  Cf.  ZeiUehr.  fur  Elektroehem., 
1805-6,  vol.  ii.,  p.  318.] 
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used.  The  production  of  persulphates  *  and  the  reoovery  of 
chlorine  have  also  been  accomplished  under  these  conditions. 
In  the  electrolysis  of  the  fused  chloride,  chlorine  is  the  only  bye- 
product  that  may  be  obtained. 

Cost  of  Zino  Extraotion. — No  statements  as  to  the  actual 
economical  results  of  applying  a  chloridising  or  sulphating  roast 
to  the  ores  have  yet  been  published.  The  power  required  for  the 
separation  of  zinc,  using  insoluble  anodes,  amounts  to  from  3  to 
4*5  H.P.  hours  per  kilogramme  of  zinc  [1^  to  2  H.P.  hours 
per  lb.].  No  trustworthy  statements  concerning  the  other  ex- 
penses in  connection  with  a  large  installation  have  yet  appeared. 

The  Uses  of  Zina — The  zinc  is  obtained  from  metallurgical 
works  in  the  form  of  cake  or  dust ;  and  these  are  used  in  silver 
works  for  the  desilverisation  of  work-lead,  in  chemical  works 
as  a  reducing  agent,  in  the  foundry  for  the  production  of  house- 
hold implements,  architectural  ornaments,  and  alloys,  and  in 
electro-technics  for  the  electrodes  of  galvanic  batteries.  It  has 
a  very  extensive  use  in  the  protection  of  iron  ('*  galvanised 
iron").  The  sheet  rolled  from  zinc  serves  as  a  roofing  material, 
and  is  used  both  in  the  household  and  in  building,  as  well  as 
for  printing  plates  (in  photo-zincography),  &c. 

The  zinc  compounds  are  obtained  for  the  most  part  as  bye- 
products  in  the  treatment  of  zinc-bearing  ores  and  metallurgical 
products  from  the  working  of  other  metals.  The  metal  forms 
the  starting  point  only  in  the  manufacture  of  zinc  white. 

CADMIUM. 

Properties  and  Occurrence  of  the  Metal. — Cadmium  (Cd; 
atomic  weight » 112;  specific  gravity  s  8*6  to  8*7)  is  a  very 
white  and  lustrous,  soft^  malleable  metal  of  crystalline  (regular) 
structura     It  fuses  at  320"*  C,  and  boils  at  800''  C. 

In  the  molten  condition  it  alloys  very  readily  with  most 
other  metals ;  and  of  its  alloys,  those  with  bismuth,  lead,  and  tin 
(Wood's,  Eose's,  and  other  "  fusible  metals  "),  are  the  best  known, 
mainly  on  account  of  their  low  fusing  points. 

At  the  normal  temperature,  cadmium  may  remain  for  a  long 
time  unaltered  in  dry  air ;  bat  at  higher  temperatures  it  bums 
even  more  readily  than  zinc,  to  which  metal  it  is  very  closely 
allied  in  its  chemical  properties.  It  dissolves  with  ease  in  the 
more  important  inorganic  (sulphuric,  hydrochloric,  and  nitric) 
acids,  forming  salts,  which  are  derived  Irom  the  oxide,  and  are 
very  soluble  in  water.  The  oxide  and  hydroxide  are  capable  of 
dissolving  in  solutions  of  alkaline  hydroxides,  forming  salts, 
derived  from  the  hydroxide,  but  having  the  cadmium  in  the 
acid  radical.  Cadmiam  is  precipitated  from  its  salts  by  zinc 
and  by  more  electro-positive  metals. 

*  Elba  and  Sohonherr,  in  ZeiUehrifi/iir  EUktrochemk^  1894,  1895. 
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Cadmium  almost  always  accompanies  zinc  in  nature;  the 
Silesian  calamine,  and  blende  are  especially  rich  in  cadmium 
carbonate  and  sulphide  respectively.  The  last-named  compound 
(Greenockite)  is  yery  rarely  found  alone. 

Xxtraotion  of  CadmiunL — Its  extraction  is  nowhere  made 
the  sole  object  of  a  metallurgical  process.  The  metal  is  always 
obtained  as  a  bye-product  in  the  extraction  of  zinc.  In  the 
reduction  of  roasted  zinc  ores  it  occurs  as  the  first  product  of 
distillation,  and  is  chiefly  found  mixed  with  varying  proportions 
of  zinc,  in  the  second  (or  iron)  condenser.  This  deposit,  which 
is  generally  coloured  more  or  less  brown  by  the  oxide  of  cadmium, 
is  repeatedly  reduced  and  redistilled,  the  first  portions  con- 
densed always  containing  the  largest  proportion  of  the  cadmium. 
When  these  have  been  sufficiently  purified  for  zinc,  they  are 
cast  into  rods,  and  sent  thus  into  commerce.  The  apparatus 
employed  is  similar  to  that  used  in  the  extraction  of  zinc,  but 
the  retorts  are  usually  smaller  and  made  of  cast  iron,  since  clay 
is  too  porous  to  retain  the  vapour  of  cadmium  sufficiently  well. 

The  Electrolytio  Froductioxi  and  Beflning  of  Cadmium 
require  scarcely  any  description,  as  they  are  conducted  under 
practically  the  same  conditions  as  in  the  case  of  zinc.  According 
to  the  experiments  which  the  author  has  tried  on  a  small  scale, 
it  would  seem  that  the  electrolysis  of  cadmium  salts  should  be 
simpler  than  that  of  zinc  compounds,  for  the  current  densities  of 
60  to  150  amperes  per  sq.  metre  [0*04  to  0*1  amp.  per  sq.  in.], 
which  give  an  unsatisfactory  deposit  of  zinc,  are  capable  of 
yielding  a  good  and  useful  deposit  of  cadmium.  There  is  no 
record  of  the  electrolytic  method  of  treating  this  metal  having 
been  employed  in  practical  work. 

TJaes  of  Cadmium. — Cadmium  is  mainly  used  for  the  pro- 
duction of  very  fusible  alloys.  The  compounds  of  cadmium  are 
for  the  most  part  made  from  the  metal,  either  direct  or  after 
solution,  the  haloid  salts  being  used  in  photography,  and  the 
sulphide  as  a  pigment. 


CHAPTER   V. 
MERCURY. 


Properties  and  Occurrence  of  the  Metal. — Mercury  or  quick- 
silver (Hg;  atomic  weight  >«  200;  specific  gravity  =  13*5)  is  a 
bluish- white  metal  that  is  fluid  at  ordinary  temperatures,  the 
freezing  point  being  -  39*4*^  C,  and  the  boiling  point  360^  C. 
Mercury  acts  as  a  solvent  for  most  metals  (gold,  silver,  lead, 
bismuth,  tin,  zinc,  cadmium,  alkali  and  alkaline  earth  metals). 
The  alloys  of  mercury  are  known  as  fttnjtigftipf 
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Pare  mercury  is  unaffected  by  the  air  at  low  temperatures, 
but  at  about  300*  C.  it  becomes  oxidised  to  the  red  oxide. 
Ozone  and  the  halogens  unite  with  it  at  ordinary  temperatures. 
Thej  metal  dissolves  readily  only  in  nitric  acid  and  ctqiM 
regia  among  the  common  acids.  Two  series  of  compounds  are 
known — the  mercurous  (protoxide)  compounds,  of  which  the 
type  is  Hg<^,  and  the  mercuric  compounds,  corresponding  to 
the  type  of  HgO.  The  sulphide  also  forms  thio-salts,  in  which 
the  mercury  occurs  in  the  acid  radical. 

Small  quantities  of  native  mercury  are  found,  but  the  metal 
generally  occurs  as  the  sulphide,  HgS,  in  Cinnabar,  and  less 
frequently  as  the  subcbloride,  Hg^Cl^,  in  Calomel  (or  horn  quick- 
silver), and  other  compounds. 

Extraction  of  Meroury. — Mercury  is  extracted  almost 
exclusively  from  cinnabar.  Rich  ores  are  treated  in  retorts, 
poor  ores  in  shaft  furnaces,  often  by  mixing  them  with 
some  material  (lime,  limestone,  iron,  <&c.)  capable  of  absorbing 
sulphur,  and  submitting  them  to  a  combined  process  of  roasting 
and  distillation.  The  mercury  vapours,  escaping  from  the 
furnace,  are  condensed  in  systems  of  tubes  and  chambers.  The 
greatest  loss  occurs  in  working  the  poorest  ores.  The  con- 
densed metal  is  purified  partly  by  filtration,  partly  by  distillation. 

It  has  often  been  proposed  to  substitute  electrolytic  methods 
for  the  somewhat  wasteful  and  unhealthy  smelting  processes  for 
treating  mercurial  ores.  The  direct  electrolysis  of  the  ores  would, 
however,  present  the  same  difficulties  that  are  met  with  in  the 
treatment  of  copper,  zinc,  or  lead  ores;  and  if  electricity  is  to 
find  an  application  in  this  field,  it  will  be  by  chemical  solution 
of  the  mercury,  followed  by  electrolytic  separation.  At  present, 
however,  few  results  have  bsen  obtained.  It  is  noteworthy  that 
cinnabar  is  readily  soluble  in  solutions  of  alkaline  sulphides 
containing  hydroxides  of  the  alkali  metals,  and  that  the  mercury 
may  be  precipitated  quantitatively  by  the  electrolysis  of  such 
a  solution.  As  yet,  the  method  devised  by  Yortmann*  has 
only  been  applied  to  analytical  purposes.  Should  it  ever  be 
introduced  on  a  commercial  scale,  much  that  is  written  in  the 
Chapter  on  AfUimony  will  be  applicable  here. 

TJseB  of  Mercury. — In  the  metallic  state  mercury  is  used 
very  largely  for  thermometers,  barometers,  and  other  scientific 
apparatus.  In  the  "amalgamation  processes"  it  is  extensively 
employed  for  the  extraction  of  gold  and  silver  from  their  ores,  and 
it  also  serves  for  the  intermediate  formation  of  alkali  metal 
amalgams  in  the  electrolytic  processes  for  producing  alkaline 
hydrates.t  The  alkali  metal  amalgams  are  largely  used  in  other 
chemical  processes.  Mercury  is  also  employed  in  some  of  the 
so-called  '<  anti-friction  alloys."     Other  amalgams  are  used  in 

*  A.  Classen,  QuantiUUive  Analy»e  dureh  EUclrolyie,  Berlin,  1892. 
t  See  Alkali  Metal  Alloy,  p.  67. 
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the  manufacture  of  mirrors,  and  as  fillings  for  teeth  in  dental 
surgery.  Finally,  the  metal  is  generally  the  starting-point  for 
the  manufacture  of  nearly  all  the  mercury  compounds  employed 
in  the  chemical  industries.  The  sulphide  (vermilion)  and  the 
oxide  are  pigments ;  mercuric  chloride  is  a  valuable  germicide  ; 
And  fulminate  of  mercury  plays  an  important  part  as  a  primer 
in  connection  with  explosives. 


CHAPTER  VL 
TIN. 


Properties  and  Occurrence  of  the  Metal. — Tin  (Sn ;  atomic 
weight  =  118;  specific  gravity  =  7 '3 )  is  white,  but  has  a  faint 
yellowish  shade ;  it  is  a  very  weak  metal,  but  is  soft  and  exceed- 
ingly tough.  It  is  most  malleable  at  about  100**  C,  becoming 
somewhat  brittle  at  200^  It  melts  at  228*"  C,  and  boils  between 
1450*  and  1600*  C,  but  tends  to  vaporise  more  or  less  at  lower 
temperatures.  Fused  tin  dissolves  most  other  metals  very 
readily,  and  frequently  forms  valuable  alloys  with  them. 

Tin  resists  the  action  of  the  atmosphere  well,  but  when 
heated  it  burns  readily  in  air.  It  unites  with  the  halogens  at 
the  ordinary  temperature,  and  when  melted  it  combines  with 
■sulphur,  phosphorus,  arsenic,  and  antimony.  Among  the  com- 
moner acids,  hydrochloric  acid  is  the  best  solvent  for  tin; 
.sulphuric  acid  attacks  it  but  slowly,  whilst  nitric  acid  oxidises 
it  to  a  hydroxide  of  the  formula  SnO(OH)2,  which  is  known  as 
stannic  acid.  Tin  may  thus  be  found  in  salts,  sometimes  in  the 
acid  radical,  and  sometimes  in  the  base ;  in  the  former  case  the 
^salts  may  be  regarded  as  having  been  derived  from  the  hydroxides, 
Sn(0H)4  or  SnO(OH)2.  The  remaining  tin  compounds  are 
derived  either  from  protoxide,  SnO  (stannous  compounds),  or 
from  the  binoxide,  Sn02  (stannic  compounds).  The  stannic 
sulphide,  SnSn,  also  forms  thio-salts.  In  nature,  tin  occurs 
mainly  as  oxide  (SnOj)  in  tinstone  or  Gassiterite,  which  is  very 
-commonly  associated  with  wolfram  (tungstate  of  iron  and 
manganese).  Other  tin  compounds  are  so  rare  that  they  need 
not  be  referred  to  here. 

The  Extraction  of  Tin  from  its  Ores. — Only  one  process 
is  practically  employed,  and  this  consists  in  the  direct  reduction 
of  the  oxide  by  smelting,  usually  after  some  mechanical  prepara- 
tion. The  high  specific  gravity  of  the  tinstone  renders  the 
dressing  of  the  ore  a  simple  process,  unless  wolfram  be  present^ 
in  which  case  separation  is  difficult  owing  to  the  specific  gravities 
of  the  two  minerals  being  nearly  identical  When  large  propor- 
tions of  wolfram  are  present,  this  substance  (or  at  least  the 
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tungstio  acid,  WOg,  in  it)  must  be  removed  prior  to  smelting, 
since  tungsten  compounds  give  trouble  in  the  smelting  of  the  tin. 
The  separation  of  tungsten,  however,  is  very  simple,  and,  if 
rightly  effected,  may  even  be  made  remunerative ;  the  method 
employed  is  described  in  the  Chapter  on  Tungsten.  The  ore, 
freed  from  tungsten,  is  mixed  with  fluxes  suitable  for  any 
gangue  stuff  that  may  remain,  and  is  reduced  in  low  blast- 
furnaces or  in  reverberatory  furnaces.  The  crude  tin  which  re- 
sults from  the  reduction  is  liquated  and  refined,  and  thus  affords 
a  product  sufficiently  pure  for  general  use. 

The  Electrolytic  Treatment  of  Tin  Ores. — Burghardt* 
has  proposed  a  method  for  the  electrolytic  treatment  of  tin  ores, 
but  as  it  is  unpractical  in  character,  it  will  suffice  to  give  the  refer- 
ence to  the  original  patent.  Yortmann  and  Spitzer's  f  process  is 
but  little  better.  This  consists  in  melting  finely  pulverised  tin 
ore  mixed  with  from  two  to  three  times  its  weight  of  a  mixture 
of  one  equivalent  of  sulphur  and  two  equivalents  of  soda.  Air 
is  excluded  during  the  fusion,  which  results  in  the  formation  of 
a  thio-stannate ;  this  salt  is  then  washed  out,  the  solution  is 
allowed  to  settle,  after  the  addition  of  ammonia  and  ammonium 
sulphate,  and  the  clear  liquor  is  electrolysed  with  insoluble 
(lead-plate)  anodes.  The  first  part  of  the  operation,  although 
easily  accomplished  in  the  laboratory,  is  with  difficulty  effected 
on  the  large  scale.  Vessels  such  as  would  be  employed  in  the 
latter  case  will  not  retain  the  melted  material,  and  fusion  in  the 
reverberatory  furnace  is  accompanied  by  a  heavy  loss  of  tin  and 
a  considerable  expenditure  in  repairs  to  the  furnace.  The  second 
part  of  the  process,  even  if  it  should  be  industrially  successful, 
could  scarcely  be  protected  by  the  patent  as  it  was  described  by 
Classen  I  several  years  previously.  The  direct  electrolysis  of 
tin  ores  is  impossible  by  any  of  the  processes  hitherto  attempted. 

The  Electrolytic  Treatment  of  Tin-plate  Scrap. — The 
treatment  of  tin-plate  scrap  by  electrolysis  has  become  a  question 
of  considerable  importance.  Two  objects  have  to  be  attained — 
first,  the  tin  must  be  separated  from  the  iron  and  re-deposited 
in  a  convenient  and  uselul  form  ;  and,  secondly,  the  iron  must 
be  so  completely  cleansed  from  tin  and  lead  that  it  may  be 
utilised  in  iron  works. 

The  process  patented  by  Beatson§  would  be  very  costly  in 
operation.  He  encloses  the  scrap  metal  in  cylinders  made  of  iron 
wire  mesh,  and  suspends  these  as  anodes  in  a  boiling  solution  of 
caustic  soda  to  which  potassium  cyanide  has  been  added.  By 
way  of  cathode  there  may  be  used  either  iron  plates,  slowly 
rotating  rollers,  which  consolidate  the  somewhat  loose  deposit  of 
metal,  or  the  walls  of  an  iron  vessel.    The  inventor,  however,  has 

*  German  Patent  49,682.  f  German  Patent  73,826. 

t  A.  Classen,  QuanlUative  AncUy§e  dureh  Eltkirolyse^  1892  (Berlin). 
§  EnglUh  Patent  11,067,  Sept.  18,  1885.  I 
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evidently  discovered  that  potassium  cyanide  is  unstable  in 
boiling  aqueous  solutions,  for,  in  a  later  specification,*  he  relin> 
quishes  the  use  of  this  substance  and  is  content  to  employ  an 
alkaline  hydroxide  solution  as  electrolyte.  The  deposit  of  tin 
thus  obtained  from  the  alkaline  solution  is  refined  electrolytically 
in  a  solution  of  a  tin  salt,  the  tin  being  deposited  on  rollers 
which  rotate  in  contact  with  one  another  so  that  the  tin  may  be 
obtained  in  a  dense  form. 

Pricet  also  has  patented  the  use  of  alkaline  hydroxide  solutions 
as  electrolytes,  whilst  Fen  wick}  has  used  solutions  of  stannous 
chloride.  Smith  §  has  described  an  installation  put  down  by 
Siemens  &  Halske  according  to  an  older  patent  of  Gutensohn's.|| 
In  this  case  the  tin-plate  scrap  contained  from  3  to  9  per  cent, 
(averaging  5  per  cent.)  of  tin,  and  was  electrolysed  with  the  aid 
of  a  solution  of  sulphuric  acid  or  of  sulphates,  yielding  ferrous 
sulphate  and  iron  liquors  in  addition  to  metallic  tin.  A  Siemens 
0|3  dynamo,  absorbing  8  H.P.,  was  used,  and  afibrded  a  current 
of  240  amperes  at  15  volts.  Eight  cells  were  employed,  made 
of  wood  50  mm.  [2  in.]  thick,  lined  with  india-rubber  to  the 
thickness  of  3*5  mm.  [^  in.],  and  placed  at  a  height  of  1  metre 
[39'4  in.]  from  the  ground.  The  internal  dimensions  were  1500 
mm.  in  length  by  700  mm.  in  width  by  1000  mm.  in  depth 
[5  ft.  X  2  ft.  3^  in.  x  3  ft.  3^  in.].  On  each  side  of  the  vats 
was  placed  a  tank  in  which  were  dissolved  the  cuttings  that  had 
been  stripped  of  tin ;  after  solution  had  taken  place  the  liquid 
was  concentrated  in  pans  placed  at  a  lower  level,  and,  finally,  the 
ferrous  sulphate  was  crystallised  in  tanks  sunk  beneath  the 
ground  level. 

The  scrap  was  packed  with  great  care,  neither  too  closely  nor 
too  loosely,  in  strong  baskets  composed  of  wooden  bars,  the 
internal  dimensions  of  the  frames  being  1200  mm.  in  length  by 
300  mm.  in  width  and  850  mm.  in  depth  [4  ft.  x  11|  in.  x  2  ft. 
8|  in.],  and  the  contents  of  each  basket  weighed  from  60  to  70 
kilogrms.  [130  to  150  lbs.].  Small  strips  of  tin  plate  were 
inserted  in  the  mass  of  cuttings  at  the  time  of  packing,  and 
these,  projecting  above  the  frames,  were  utilised  as  conductors 
for  the  current.  The  charging  and  emptying  of  the  anode 
baskets  were  effected  twice  daily.  The  cathodes  consisted  of 
tinned  copper  plates  1200  mm.  long  by  950  mm.  wide  by  1*5 
mm.  thick  [4  ft.  x  3  ft.  1^  in.  x  0*06  in.],  and  two  cathodes, 
together  with  one  anode  basket,  were  placed  in  each  electrolyte 
cell.  The  edges  of  the  cathode  plates  were  strengthened  by 
copper  strips  of  square  section,  and  the  plates  were  allowed  to 

*  English  Patent  12,200,  Aug.  5,  1800. 

t  English  Patent  2119,  Jan.  25, 1884. 

t  EngLlah  Patent  8988,  July  9,  1886. 

§  Joum*  Soc.  Chem,  Ind,^  1885,  toI.  v.,  p.  312. 

y  German  Patent  12,883. 
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rest  in  grooves  at  the  sides  of  the  tanks,  pLiced  at  the  distance 
of  100  mm.  [4  in.]  from  the  anode  frames.  Both  the  anode 
baskets  and  the  cathodes  were  provided  with  india-rubber  rollers 
to  prevent  injury  to  the  rubber  lining  of  the  vat;  and  both 
anodes  and  cathodes  could  be  raised  from,  or  lowered  into,  the 
electrolyte  by  means  of  cranes.  The  solution  was  made  up  at 
the  beginning  of  the  experiment  by  mixing  1  volume  of  sulphuric 
acid  (of  60°  B.)  with  9  volumes  of  water. 

With  a  current  of  240  amperes  a  total  deposition  of  about  4*25 
kilogrms.  [9*35  lbs.l  might  be  expected  per  hour,  but,  as  a  matter 
of  fact,  only  about  half  this  was  obtained,  a  large  proportion  of 
the  current  being  expended  in  the  solution  of  iron  and  the  de- 
position of  hydrogen.  After  use  for  seven  weeks  the  electrolyte 
became  saturated  with  iron,  and  was  then-  treated  for  the 
recovery  of  the  ferrous  sulphate.  The  whole  of  the  tin  was  not 
allowed  to  dissolve  in  this  way ;  but  after  the  scrap  had  been 
used  as  anode  for  from  five  to  six  hours  it  was  transferred  to  the 
sulphuric  acid  vats,  where  the  iron  was  readily  and  completely 
dissolved,  the  residual  tin  being  left  unattacked.  Three  or  four 
workmen  were  required  to  handle  3  tons  of  tin-plate  scrap  per 
week. 

From  this  account  it  may  be  gathered  that  the  current 
density  used  was  not  very  high.  In  each  of  the  eight  baths 
<$oupled  in  series  a  current  of  240  amperes  and  1*9  volts  was 
employed;  and  as  only  those  cathode  surfaces  that  were  turned 
towards  the  anode  could  be  concerned  in  the  electrolysis,  the 
available  cathode  area  (on  the  electrodes)  was  evidently 
2  X  1-2  X  0-95  =  2-28  sq.  metres  [24-5  sq.  ft.1  and  the 
•current  density  was  therefore  but  little  more  than  100  amperes 
per  sq.  metre  [0'0645  amp.  per  sq.  in.].  The  use  of  15  volts  for 
the  eight  vats,  or  nearly  1*9  volts  per  vat,  would,  under  these 
•circumstances,  appear  to  be  somewhat  excessive.  The  published 
account  makes  no  mention  of  the  method  employed  to  work  up 
the  tin  slime,  which  must  inevitably  be  produced  in  this  process. 

By  the  treatment  of  6  tons  of  scrap  [per  week],  which  is  the 
maximum  output  from  vats  of  this  size,  there  would  be  obtained 
About  28  tons  of  crystallised  ferrous  sulphate,  in  addition  to 
metallic  tin,  which  might  be  sold  as  such  or  after  conversion  into 
tin  salts.  It  is  doubtful  whether  the  former  material  would 
even  repay  the  outlay  on  the  sulphuric  acid  used,  seeing  that  it 
is  produced  as  a  bye-product  in  many  other  metallurgical  works, 
and  is  thrown  upon  the  market  at  an  exceedingly  cheap  rate. 
But  it  is  evident  from  Smith's  statement  that  if  it  were  intended 
•completely  to  strip  the  tin  from  the  iron  by  electrolytic  means, 
an  enormous  quantity  of  the  latter  metal  would  be  dissolved 
with  it.  The  author's  own  experiments  point  to  the  conclusion 
that  it  is  impossible  to  remove  the  whole  of  the  tin  from  iron 
when  an  acid  solution  is  employed.     Hence  any  use  for  the 
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.  waste  product  other  than  the  unprofitable  manufacture  of  ferrous 
4Bulphate  is  precluded. 

In  the  preceding  record  of  patented  processes,  the  use  of 
alkaline  hydroxide,  and  especially  of  caustic  soda,  is  referred  to 
several  times.  It  is  well  known  that  tin  dissolves  readily  and 
without  the  aid  of  electricity,  in  warm  solutions  of  caustic 
■alkalies,  hydrogen  being  evolved  at  the  same  time.  Iron 
however,  is  almost  entirely  insoluble  in  such  solutions,  but 
becomes  superficially  oxidised  as  soon  as  it  is  exposed  freely 
at  the  anode;  hence  the  use  of  this  electrolyte  offers  special 

•  advantages.  The  author  can  only  record  the  results  of  small- 
scale  experiments  in  this  direction.  Several  works  have 
adopted  the  method  for  the  further  treatment  of  the  tin,  which 
was  described  in  the  earlier  [German]  edition  of  this  work. 

Initial  experiments  with  solutions  of  sodium  stannate  gave  no 
satisfactory  results,  as  it  was  found  that  a  separation  of  stannic 
oxide  in  the  bath  led  to  an  early  interruption  of  the  process.  A 
12  to  15  per  cent,  solution  of  common  salt,  to  which  5  percent,  of 
sodium  stannate  bad  been  added,  proved  to  be  far  more  success- 
ful, provided  it  was  kept  distinctly  alkaline.     But  since  alkaline 

.  hydroxides  are  able  to  dissolve  tin  even  in  the  absence  of  an 
•electric  current,  the  bath  tends  to  become  richer  in  stannite. 
Hence  the  treatment  is  commenced  with  sodium  chloride 
solution  mixed  with  a  few  parts  per  cent,  of  caustic  soda,  which 
latter  becomes  converted  into  stannate  as  the  action  proceeds. 
At  the  outset  the  E.M.F.  required  is  very  low,  and  tin  dissolves 
practically  unaided  if  the  solution  be  warmed  to  40*"  to  50"*  0. 
But  as  the  surface  of  the  scrap  begins  to  lose  its  coating  of  tin, 
the  curreat  density  per  unit  area  of  the  remaining  tin  increases, 
and  the  power  absorbed  becomes  higher  in  consequence,  the 
E.M.F.  rising  at  the  end  of  the  process  to  3  volts,  even  when  a 
low  current  density  is  employed  (calculated  upon  the  cathode 
•area,  which  remains  constant  throughout).  The  difference  of 
potential  between  the  electrodes  at  the  commencement  of  the 

^  work  is  much  lower  than  3  volts,  even  when  the  current  density 
amounts  to  several  hundred  amperes  per  sq.  metre  of  cathode 
surface.  In  the  experiments  that  were  made  the  necessary 
E.M.F.  averaged  1*5  to  2  volts  per  bath  when  the  current 
density  did  not  exceed  150  amperes  per  sq.  metre  [0*1  amp.  per 
sq.  in.l  and  provided  that  the  current  density  was  reduced  to 

'  •one-half  by  joining  in  parallel  two  baths,  which  had  been  charged 
at  the  same  time,  as  soon  as  the  bulk  of  the  tin  had  been  dis- 
solved from  the  anodes. 

The  final  products  of  this  process  are  iron,  tin,  and  a  small 
•quantity  of  "  preparing  salt "  (mordant).  The  iron  remaining 
in  the  anode  basket  is  so  pure,  that  it  may  be  applied  to  any 
purpose  for  which  good  sheet  iron  scrap  is  used. 

In  order  to  utilise  the  tin,  the  spongy  deposit  is  first  washed 
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and  pressed  or  dried  in  centrifugal  machines,  and  may  then  be 
worked  up  into  "tin  salts."  For  the  preparation  of  this  salt,  as 
pure  a  tin  as  possible  is  generally  employed,  and  the  chemical 
and  physical  properties  of  electrolytic  tin  render  it  especially 
suitable  for  the  purpose.  But  if  no  sufficient  demand  should  be 
found  for  the  large  quantities  of  tin  salts  that  would  be  produced 
by  the  treatment  of  tin-plate  scrap  after  this  manner,  it  would 
become  necessary  to  melt  up  the  tin  for  sale  in  the  metallic 
form.  Several  critics  have  stated  that  this  latter  alternative 
method  is  impracticable,  but  they  have  probably  confused  the 
problem  with  that  of  treating  electrolytic  zinc  sponge.  In  other 
processes,  the  task  of  uniting  electrolytic  tin  deposits  by  fusion 
has  not  proved  by  any  means  insuperable. 

As  concerning  the  third  product,  "  preparing  salt " :  it  has 
already  been  explained  that  the  original  electrolyte  (sodium 
chloride  solution  containing  caustic  soda),  graduaJly  becomes 
enriched  with  oxides  of  tin,  since  at  first  more  tin  is  dissolved 
than  is  deposited.  The  alkaline  reaction  that  is  absolutely 
necessary  for  the  process  is  maintained  by  the  addition  of  caustic 
soda;  and  hence  in  the  end  a  solution  is  obtained  which,  on 
evaporation,  would  afford  a  mixture  of  salts  similar  to  the  "  pre- 
paring salt"  of  commerce.  Any  stannite  that  may  be  present  could 
be  oxidised  by  evaporation  and  calcination,  if  necessary  with 
the  addition  of  sodium  nitrate.  The  preparing  salt  of  the  dyer 
is  a  mixture  of  sodium  stannate  and  sodium  chloride,  obtained 
by  mixing  stannic  chloride  with  caustic  soda,  and  calcining  the 
mixture  of  salts  resulting  from  the  reaction  of  the  two. 

The  advantages  of  the  last-named  method  of  treating  the 
scrap  may  be  shortly  summed  up  as  follows : — 

1.  Complete  stripping  of  the  iron,  which  may  therefore  be  used  as  sheet- 
iroii  scrap. 

2.  Recovery  of  pare  tin,  free  from  iron. 

3.  The  poBsibihty  of  using  iron  vessels,  and  of  employing  them  as 
cathodes. 

4.  The  possibility  of  constmcting  the  anode  baskets  of  iron,  which  is  a 
very  durable  matenal  for  the  purpose. 

The  Uses  of  Tin  are  very  numerous.  In  the  form  of  pure 
metal  and  as  a  coating  on  other  metals  (tin-plate,  or  tin  on  iron^ 
it  is  used  very  largely  for  utensils  of  household  and  general 
use.  It  also  plays  an  important  part  in  many  valuable  alloys 
(bronzes,  bearing  metals,  solders,  <fec.).  The  foil,  which  formerly 
consisted  of  sheet  tin  rolled  very  thin,  is  now  usually  lead, 
coated  with  tin,  obtained  by  rolling  plates  of  the  two  metals 
together.  Most  of  the  compounds  of  tin,  which  are  chiefly  used 
as  pigments  (mosaic  gold,  tin  oxide,  &c,)  are  prepared  from  the 
metal. 
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CHAPTER  VIL 
LEAD. 

Properties  and  Ooourrenoe  of  the  MetaL  — Lead  (Pb; 
atomic  weight  =r  206;  specific  gravity  =  11*4)  is  a  bluish-grey 
lustrous  metal,  exceptionally  malleable,  but  of  very  low  tenacity ; 
it  may  be  easily  cut  with  the  knife,  rolled  into  plate,  or  pressed 
into  wire.  It  melts  at  330"*  C,  and  boils  at  a  white  heat,  but 
becomes  vaporised  to  a  marked  extent  even  at  a  red  heat. 
When  fused,  it  is  a  good  solvent  for  other  (especially  the  noble) 
metals. 

At  the  ordinary  temperature,  lead  resists  chemical  action 
well.  It  is  true  Uiat  it  oxidises  superficially  either  in  air  or  in 
water,  but  the  film  of  oxide  or  carbonate  (for  carbonic  acid  is 
never  absent  from  natural  water  or  air)  protects  the  metal 
beneath  it  from  further  attack.  Similarly  sulphuric  and  hydro- 
chloric acids  act  only  upon  the  surface  of  the  metal,  by  reason 
of  the  insolubility  of  the  salts  that  are  formed.  Nitric  acid, 
however,  dissolves  lead  readily,  forming  the  nitrate,  which  is 
soluble  in  water.  Many  organic  acids,  also,  such  as  acetic  acid, 
form  easily  soluble  salts  with  lead  in  the  presence  of  oxygen  (air). 
liead  forms  two  simple  oxides;  the  oxide,  PbO,  and  the  peroxide, 
PbOa.  A  hydroxide  is  also  known,  connected  with  the  former. 
Bed  lead  or  minium,  PbjO^yis  a  compound  oxide  (  =  2PbO  +  PbOj). 
With  sulphur,  lead  forms  only  one  important  compound,  lead 
sulphide,  PbS,  which  combines  readily  with  other  sulphides 
forming  lead  mattes.  Among  lead  salts,  those  which  originate 
from  the  oxide  contain  the  metal  in  the  base,  while  those  (plum- 
bates)  in  which  the  lead  forms  part  of  the  acid  radical  are 
derived  from  the  peroxide  or  its  hypothetical  hydrate,  plumbic 
acid,  H^Pb04.  ^^^b  minium  may  be  regarded  as  a  lead  plum- 
bate  having  the  formula  Pb2Pb04. 

Native  lead  does  not  occur  in  nature.  The  most  important  of 
its  ores  is  Galena,  PbS,  and  next  to  this  is  White  Lead  Ore  or 
Cemssite,  PbCOs.  Among  the  rarer  minerals  are : — Anglesite, 
PbSO^,  Pyromorphite,  PbCL .  3Pbo(Pa)2 ;  Crocoisite,  PbCrO.; 
Wnlfenite,  PbMoO^ ;  and  Stolzite,  Pb WO^.  In  lead  works  only 
the  first  two  of  the  above-named  minerals  are  used,  together  with 
a  number  of  intermediate  and  waste  products  of  metallurgical 
and  other  works. 
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Extraction  of  Lead. — Apart  from  special  preliminary  pro- 
cesses which  are  unavoidable  when  certain  other  metals 
(especiallj  zinc)  are  present,  the  treatment  of  lead  ores  consists 
in  obtaining  first  a  crude  metal,  the  so-called  work-lead,  which 
is  then  subjected  to  a  refining  process  in  order  to  obtain  soft  or 
market-lead.  The  work-lead  is  obtained  either  by  roasting 
reactions,  by  reduction,  by  roasting  and  reduction,  or  by  a 
precipitation  process.  The  refining  is  effected  either  by  oxida- 
tion after  fusion,  or  by  electrolysis. 

1.  The  Beaetion  Process  of  Smelting*— Principles  of 
Process. — When  oxidised  ores  or  products  are  melted  with 
sulphides  in  proportion  corresponding  to  the  equation 

2PbO  +  PbS  =  3Pb  +  S0„ 

the  lead  contained  in  each  is  obtained,  whilst  the  sulphur  escapes 
in  combination  with  oxygen  as  sulphur  dioxide.  If,  for  example, 
cerussite  and  galena  had  to  be  treated,  it  would  only  be  necessary 
to  smelt  them  together  in  the  proportion  indicated  by  the  above 
equation,  in  order  to  obtain  the  lead  from  them.  Sulphide  ores, 
however,  may  be  treated  alone  if  a  portion  of  the  lead  sulphide 
be  first  roasted  to  oxide  or  sulphate,  the  residual  unaltered 
sulphide  serving  then  as  the  reducing  agent,  whilst  at  the  same 
time  it  yields  its  own  lead  in  the  metallic  state.  This  process 
is  based  upon  the  three  equations : — 

(1)  2PbS  +  70  =  PbO  +  PbS04. 

(2)  2PbO  +  PbS  =  2Pb  +  SO,. 

(3)  PbSO*  +  PbS  =  2Pb  +  280,. 

Variations  in  the  purity  of  the  ore,  in  the  character  of  the  lead 
required,  in  the  cost  of  fuel,  and  in  the  labour  demanded,  have 
of  necessity  given  rise  to  corresponding  variations  in  the  manner 
of  smelting.     Several  processes  may  thus  be  distinguished: — 

The  Carinthian  Process, — In  this  process  small  furnaces  are 
used  and  small  charges,  and  the  temperature  is  kept  as  low  as 
possible,  so  that  after  roasting  is  complete,  the  reaction  indicated 
in  the  third  equation  of  the  last  paragraph  may  take  place. 
But  in  practice  the  roasting  operation  cannot  be  so  accurately 
conducted  that  for  every  molecule  of  PbS  remaining  over  exactly 
one  molecule  of  PbSO^  shall  have  been  produced ;  and  at  the  end 
of  the  operation  there  is  usually  an  excess  of  sulphate  and  oxide, 
which  have  been  produced  according  to  the  equations : — 

2PbS04  +  PbS  =  2Pb0  +  Pb  +  3S0« 
3PbS04  +  PbS  =  4PbO  +  4S0jj. 

This  lead  is  recovered,  after  sprinkling  carbon  upon  the  hearth 
of  the  furnace,  by  heating  and  thoroughly  rabbling  the  residue. 
In  this  way  the  sulphate  is  reduced  to  sulphide,  and  this  sub- 
stance, together  with  the  excess  of  carbon,  efiects  the  reduction 
of  the  oxide.     Among  the  advantages  of  this  process  may  be 
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enninerated  the  slight  loss  of  lead  by  volatilisatioiiy  the  small 
quantity  of  residual  matter  which  contains  but  little  lead,  and 
the  purity  of  the  lead  extracted.  The  disadvantages,  on  the 
other  hand,  are  the  great  consumption  of  fuel,  aud  the  heavy 
demands  upon  labour.  The  residue  from  the  furnaces  contains 
from  3  to  9  per  cent,  of  lead;  it  is  enriched  by  dressing  to  50  to 
60  per  cent.,  and  is  then  re-smelted. 

The  English  Process. — Large  quantities  of  ore  are  smelted  in 
large  furnaces,  whilst  a  high  temperature  and  oxidising  con- 
ditions are  maintained.  The  roasted  products  find  a  reducing 
agent  in  the  large  excess  of  sulphides  present  at  the  outset ;  and 
the  reduction  of  lead  according  to  the  equations  given  above  is 
found  to  commence  even  with  the  introduction  of  the  charge. 
When,  from  time  to  time,  the  process  is  checked  by  the  formation 
of  easily  fusible  slags,  the  charge  has  to  be  cooled,  and  the  slag 
is  thickened,  if  necessary,  by  the  addition  of  lime.  The  advantages 
of  this  process  are  the  low  charges  for  fuel  and  labour ;  and  the 
disadvantages  are  a  considerable  loss  of  lead  by  volatilisation, 
necessitating  the  use  of  a  costly  condensing  plant,  and  the 
production  of  a  residual  slag,  which  is  rich  in  lead  and  has  to  be 
re-smelted  in  special  furnaces,  and  of  an  impure  lead. 

The  Tcbmotvitz  Process, — Large  charges  are  roasted  at  low 
temperatures  in  large  furnaces  and  then  fused ;  this,  therefore, 
is  a  combination  of  the  English  and  Carinthian  processes.  The 
advantages  of  this  method  of  working  are  found  in  the  slight 
volatilisation  of  lead,  the  pure  lead  obtained,  and  the  small 
outlay  necessary  for  fuel  and  labour.  But  the  disadvantage  is 
that  the  residue  contains  much  lead,  which  must  be  separated  in 
special  furnaces.  These  three  processes,  however,  are  only 
suitable  for  non-silicious  ores.  Lead  silicate  is  not  completely 
decomposed  by  the  usual  reducing  agents,  but  it  is  readily 
formed  during  the  smelting  process  by  the  direct  union  of  silica 
and  oxide  of  lead,  as  well  as  by  the  action  of  silica  upon  lead 
sulphate,  thus : — 

PbS04  +  SiOj  =  PbSiO,  +  SO,  +  O. 

The  decomposition  of  the  lead  silicate  by  means  of  other 
metallic  oxides,  in  order  to  obtain  the  easily  reducible  lead 
oxide,  is  not  possible  in  reverberatory  furnaces. 

The  French  or  Brittany  Process, — ^This  process  aimed  at  treat- 
ing silicious  ores  by  slightly  varying  the  Carinthian  method  of 
operating.  But  in  almost  all  the  works  in  which  it  has  been 
tried  it  has  been  given  up  in  favour  of  the  roasting  and  reduction 
process. 

7%fl  Ore-Hearth, — The  ore  is  mixed  with  fuel,  and  is  roasted 
and  reduced  in  the  ore-hearth,  which  resembles  the  smith's  fire 
in  its  construction.  In  this  case  the  roasted  material  is  reduced 
partly  by  the  residual  unaltered  ore,  and  partly  by  the  carbon 
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of  the  fuel.  The  heat  efficiency  and  the  yield  of  metal  are 
both  unsatisfactory,  and  a  further  disadvantage  is  that  the 
lead  vapours  escaping  from  the  open  hearth  are  very  pre- 
judicial to  the  health  of  the  workmen. 

2.  The  Beduetion  or  Boasting  and  Beduotion  Prooess. — 
Principles  of  the  Process. — Oxidised  ores  and  furnace  products 
may  be  submitted  to  direct  reduction  in  places  where  they  are 
not  in  demand  as  additions  to  a  sulphide  charge ;  in  this  case 
the  process  is  one  of  simple  reduction.  Sulphide  ores  must  first 
be  calcined  as  completely  as  possible,  and  any  sulphates  pro- 
duced should  be  decomposed  by  silica,  according  to  the  equation 
given  on  p.  327.  The  calcination  is  followed  by  the  decomposi- 
tion of  the  lead  silicate  by  lime  and  ferrous  oxide,  an  operation 
which  is  carried  on  simultaneously  with  the  reduction  of  the 
resulting  lead  oxide  by  carbon : — 

PbSiOs  +  CaO  =  CaSiOa  +  PbO. 
2PbO  +  C  =  2Pb  +  CO,. 

The  calcination  is  effected  in  heaps,  reverberatory  furnaces,  or 
kilns,  according  to  the  nature  of  the  ore ;  but  the  decomposition 
of  the  lead  sulphate  by  silica  is  only  accomplished  satisfactorily 
in  reverberatory  furnaces,  and  is  not  attempted  with  poor  lead 
ores,  or  with  those  containing  silver,  copper,  or  zinc.  The 
calcination  of  poor  ores  (with  less  than  10  per  cent,  of  lead)  in 
reverberatory  furnaces  is  too  costly.  If  silver  were  present,  a 
not  inconsiderable  proportion  of  this  metal  would  be  volatilised 
at  the  high  temperature  necessary  for  the  decomposition  of 
the  lead  sulphate.  When  copper  is  present,  so  much  sulphur 
must  be  left  in  the  ore  that  there  may  be  sufiicient  during 
the  subsequent  smelting  process  to  combine  with  all  the  copper 
and  carry  it  into  a  matte  in  the  form  of  sulphide.  Hence 
it  is  unnecessary  to  eliminate  the  whole  of  the  sulphur  during 
calcination;  and  if  lead  sulphate  were  present  it  would  be 
reduced  to  sulphide  during  the  smelting,  according  to  the 
equation : — 

PbS04  +  Cj  =  PbS  +  2C0a, 

and  this  would  react  with  the  copper  or  copper  compounds  to 
form  regulus  of  copper,  thus : — 

PbS  +  Cus  =  CujS  +  Pb. 

Zinc  must  be  removed  by  leaching  out  the  soluble  zinc 
sulphate  after  roasting,  and  prior  to  smeltinjc^,  as  it  leads  to 
great  irregularities  and  loss  of  metal  in  the  blast  furnace,  both 
on  account  of  the  difficulty  of  fluxing  it,  and  by  reason  of  its 
volatile  character,  which  gives  rise  to  the  formation  of  deposits 
in  the  furnace,  and  to  an  increased  loss  of  other  metals  in  the 
vaporous  condition.      The  production  of  zinc  sulphate  in  the 
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ealciner  is  only  possible  at  temperatures  far  below  that  at  which 
lead  sulphate  would  be  decomposed. 

The  discoTerj  in  New  South  Wales  and  Colorado  of  extensive 
deposits  of  lead  ore  (mainly  galena)  containing  silver,  together 
with  considerable  proportions  of  zinc  blende,  has  led  to  the 
invention  and  patenting  of  many  processes  for  the  treatment  of 
such  ores.  Of  these  a  large  number  have  not  stood  the  test  of 
practical  use,  and  the  few  that  have  any  prospect  of  being 
ultimately  employed  upon  a  large  scale  are  based  upon  the 
method  that  has  been  used  for  a  long  time  in  the  Hartz  and 
Saxon  works  for  the  treatment  of  zinc-bearing  galena.  These 
processes  are  conducted  in  six  stages: — (1)  Calcination  at  a  low 
temperature,  with  partial  conversion  of  zinc  sulphide  into 
sulphate ;  (2)  completion  of  the  conversion  of  zinc  oxide  into 
sulphate  by  treatment  of  the  calcined  ore  with  sulphuric  acid 
or  with  sulphur  dioxide  and  air ;  (3)  leaching  out  of  the  zinc 
sulphate ;  (4)  treatment  of  the  zinc  sulphate  solution  for  the 
recovery  of  the  zinc  sulphate  crystals  or  of  zinc ;  (5)  treatment  of 
the  residue  from  the  leaching  vats  for  work-lead ;  (6)  desilverisa- 
tion  of  the  work-lead  for  the  extraction  of  silver  and  the 
recovery  of  market-lead.  Concerning  other  proposed  methods 
there  are  not  yet  sufficient  data  published  to  enable  an  accurate 
judgment  to  be  formed. 

The  calciners  at  present  employed  for  the  ordinary  ores  are 
usually  long  reverberatory  furnaces,  in  which  the  ore  is 
carried  forward  progressively  from  end  to  end,  so  that  the  action 
is  continuous  and  the  furnace  economical  of  fuel.  Thus,  whilst 
the  ore  in  the  furnace  is  constantly  worked  forward  in  the 
opposite  direction  to  the  flame,  fresh  charges  of  raw  ore  are 
introduced  as  required  at  the  end  most  remote  from  the  fire- 
grate ;  and  the  calcined  material  is  removed  in  a  pasty  condition 
at  a  point  near  the  fire-bridge.  Ores  containing  much  pyrites 
may  be  conveniently  roasted  in  pyrites  burners,  so  that  the 
sulphur  may  be  recovered  as  sulphuric  acid,  whilst  lead  mattes 
and  similar  smelting  products  may  be  treated  in  kilns  with  the 
same  object.  The  smelting  is  effected  in  low  blast  furnaces 
{20  to  26  ft.  high),  which  are  always  now  of  the  Pitz  and 
Haohette  type.  The  Pitz  furnaces  are  of  circular  cross-section, 
with  from  four  to  eight  tuyeres.  The  Rachette  furnaces  are  oval 
or  rectangular  in  cross-section.  In  the  shorter  or  end  walls  of 
the  hearth  there  may  be  only  one  tuyere,  or  perhaps  none  at 
all,  whilst  in  each  side  wall  there  may  be  as  many  as  six.  In 
such  furnaces  as  have  fore-hearths  the  smelting  products  are 
run  out  into  the  hearths  which  are  placed  at  either  end ;  whilst 
those  furnaces  in  which  the  metal  collects  in  the  hearth  are 
usually  provided  with  the  Arents  [siphon]  tap,  together  with 
one  or  two  slag-notches.  In  modern  American  Kachette  furnaces 
the  walls  of  the  boshes  and  the  upper  part  of  the  hearth  are 
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btiilt  of  hollow  iron  blocks,  through  which  water  is  circalated 
whilst  the  furnace  is  in  blast,  in  order  to  keep  them  cooL 

8.  The  Preoipitation  Process. — ^Principles  of  the  Process. — 
This  process  is  based  on  the  following  reaction  : — 

PbS  +  Fe  =  FeS  +  Pb. 

Owing  to  the  tendency  of  sulphide  of  iron  to  form  double 
sulphides  a  considerable  quantity  of  lead  sulphide  is  used  up 
in  the  formation  of  a  lead  matte  (PbS  .  nFeS).  This  fact  must 
be  kept  in  mind  in  calculating  the  charge,  especially  as  the 
production  of  this  matte  is  no  drawback  to  the  process,  for  the 
product  is  well  adapted  to  use  in  the  manufacture  of  sulphuric 
acid,  and  hence  affords  a  ready  means  of  recovering  the  sulphur 
of  the  lead  ore.  The  matte  is  calcined  in  kilns,  and  the 
calcined  charge,  which  consists  mainly  of  the  oxides  of  lead  and 
iron,  may  be  used  again  in  a  future  blast-furnace  charge,  the  iron 
oxide  that  it  contains  serving  partly  as  a  flux  for  silica  in  the 
raw  ore,  and  partly  as  a  source  of  the  metallic  iron  required  for 
the  decomposition  of  another  charge  of  lead  sulphide.  The  iron 
in  the  charge  is  very  rarely,  if  ever,  introduced  in  the  metallic 
state,  but  is  generally  used  in  the  form  of  oxides  (such  as  calcined 
matte  or  pyrites,  or  red  or  brown  haematite),  or  of  basic  iron- 
bearing  slags  (tap  or  mill  cinder)  from  which  the  necessary, 
iron  is  obtained  by  reduction  during  the  smelting  process.  The 
blast  furnaces  of  Fitz  or  Rachette  type  are  used  for  this  process. 

4.  Beflning  of  Lead. — Principles  of  the  Process. — In  the 
above-described  process,  the  lead  is  never  obtained  pure,  but 
always  alloyed  with  almost  all  the  other  metals  present  in  the 
ores  used.  Apart  from  the  fact  that  the  useful  properties  of  the 
metallic  lead  are  seriously  affected  by  these  other  metals,  it  is, 
of  course,  necessary  to  recover  the  precious  metal  (see  Chapter 
on  Silver),  Of  the  other  metals  that  may  be  present  in  the 
lead,  copper  is  the  most  easily  separated,  inasmuch  as  it  is  lesa 
fusible  than  lead,  and  floats  to  the  surface  of  the  bath  when  the 
work-lead  is  melted  at  a  low  temperature.  Together  with  a 
little  lead,  the  copper  is  removed  by  skimming,  and  then,  after 
liquation  (if  necessary)  from  the  silver-lead  that  is  mixed  with 
it,  it  is  worked  up  into  copper  matte. 

Iron,  nickel,  cobalt,  and  zinc  are  removed  as  oxides  by  passing 
superheated  water  vapour  into  the  melted  alloy  at  a  red  heat. 
Arsenic  and  antimony  (the  latter  metal  often  being  present  in 
considerable  proportions)  are  separated  by  melting  under 
oxidising  conditions,  such  as  are  adapted  to  cupellation  for 
gold  and  silver.  The  first  litharge,  or  skimmings,  obtained 
consists  mainly  of  antimonate,  with  a  little  arsenate,  of  lead, 
and  on  reducing  this  a  hard  lead  is  obtained  containing  15  to  23 
per  cent,  of  antimony.  Antimony  is  separated  by  means  of  the 
steam  blast  from  lead  that  has  already  been  desilverised ;  it  is 
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thus  removed  after  the  zinc  has  been  oxidised,  not  by  the 
agency  of  the  combined  oxygen  of  the  steam,  but  by  the  atmo- 
spheric oxygen  which  is  mechanically  introduced  by  the  blast. 

The  separation  of  bismuth  and  lead  has  always  been  a  very 
tedious  process.  In  the  cupellation  of  the  lead,  shortly  before 
the  ''brightening"  of  the  charge,  a  litharge  slag  is  obtained  con- 
taining up  to  2  per  cent,  of  bismuth.  Again,  in  the  refining  of 
the  silver,  and  in  the  treatment  of  lead-bearing  iron  ores,  pro- 
ducts are  yielded  which  always  contain  a  more  or  less  notable 
proportion  of  bismuth.  The  bismuth  is  concentrated  in  these 
products  by  repeated  smelting  and  oxidation,  a  costly  operation, 
which  yields  a  series  of  oxides  containing  bismuth  in  various 
proportions  up  to  30  per  cent.  The  richest  oxides  are  then 
treated  in  the  wet  way.  Recent  experiments  made  by  the 
author,  however,  show  that  the  separation  of  lead  and  bismuth 
is  very  easily  effected  by  electrolysis. 


EIiECTBOLYTIC   TBEATMENT. 

L  Solution  by  Chemical  Agency  and  Electrolytic  Sep- 
aration  of  the  Lead. — Becquerel's  Process. — The  treatment  of 
silver-lead  ores  in  the  wet  way,  to  which  recourse  was  had  in 
those  districts  where  fuel  was  expensive,  led  Becquerel  in  1835- 
1840  to  propose  the  use  of  the  electric  current,  both  to  hasten  the 
reactions  of  the  process  and  better  to  utilise  the  precipitating 
agent. 

The  electro-chemical  treatment  of  lead  ore  consists,  according 
to  his  paper*  read  before  the  French  Academy  of  Science  in 
1854,  in  "so  preparing  the  minerals  that  the  compounds  of 
silver  and  lead  which  are  obtained  from  them  (when  operating 
on  galena)  shall  be  soluble  in  a  saturated  solution  of  common 
salt ;  these  compounds  are  the  chloride  of  silver  and  the  sulphate 
of  lead.  After  the  solution  has  been  made,  it  is  allowed  to  become 
clear,  and  is  then  placed  in  wooden  receptacles,  where  the  decom- 
position of  the  metallic  salts  is  effected  with  the  aid  of  couples 
of  sheet-zinc  and  either  iron,  or  copper,  or  masses  of  well-burnt 
carbon ;  couples  of  lead  and  the  same  electro-negative  elements 
may  be  used  instead  of  the  above.  The  plates  of  zinc  or  of  lead 
are  enclosed  in  sail-cloth  bags,  filled  with  a  saturated  solution  of 
salt,  and  immersed  in  the  metallic  solution ;  the  other  plates  are 
placed  in  the  latter  liquid,  and  communication  is  made  between 
the  two  sets  of  plates  by  metal  bars.  When  zinc  plates  are  em- 
ployefl  the  plates  opposing  them  receive  an  electro-chemical 
deposit  in  the  form  of  very  fine  particles,  consisting  of  all  the 
metals  that  are  readily  reduced,  such  as  silver,  copper,  and  lead  ; 
but  when  leaden  plates  are  used  the  deposit  consists  of  silver, 

*  Comptea  Bendus,  1854,  vol.  xxxviii,  p.  109. 
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which  is  more  or  less  pure  according  to  the  proportion  of  lead  in 
the  solution. 

"  In  place  of  sail-cloth  bags  it  is  preferable  to  use  either  boxes 
made  of  wood,  several  millimetres  in  thickness  (which  has  first 
been  subjected  to  the  action  of  steam  in  order  to  extract  anj 
soluble  matter),  or  vessels  of  half-burned  clay,  filled  as  full  as 
possible  with  pieces  of  amalgamated  zinc  and  mercury.  In  this 
way  the  action  is  made  more  regular,  and  the  quantity  of  zinc 
deposited  is  in  atomic  proportion  to  that  of  the  metal  deposited. 

«  By  varying  the  components  of  the  voltaic  couple  each  of  the 
metals  present  in  the  saline  solution  may  be  separated  succes- 
sively. 

"  The  experiments,  of  which  the  results  are  recorded  in  my 
work,  were  made  with  quantities  of  mineral  varying  from  100 
grammes  up  to  1000  kgms.  The  quantity  of  silver  recovered  in 
twenty-four  hours  ranged  from  a  few  decigrammes  up  to  1  or  2 
kgms.,  so  that  it  has  been  possible  to  estimate  both  the  advan- 
tages and  the  disadvantages  of  the  electro-metallurgical  method 
of  treating  the  minerals  of  silver,  lead,  and  copper,  but  particu- 
larly of  the  former  two,  of  which  the  preparation  is  more 
troublesome. 

^*  Usually  the  treatment  was  completed  in  twenty-four  hours, 
but  by  operating  with  the  aid  of  an  independent  couple,  of  which 
the  temperature  is  raised  by  means  of  steam,  it  may  be  effected 
in  three-quarters  of  that  time.  It  will  be  uaderstood  that  this 
couple  is  joined  up  in  voltaic  circuit  with  the  other  apparatus, 
which  is  then  provided  only  with  sheets  of  lead,  of  which  one  set 
is  made  the  electro-positive  and  the  other  the  electro-negative 
elements  of  the  pole ;  and  also  that  the  lead  acts  directly  upon 
the  silver  chloride  and  decomposes  it.  The  two  opposing  currents 
which  result  from  this  action  do  not  appear  to  be  injurious  to  the 
effect  of  the  independent  couple.  In  this  manner  there  is 
obtained  a  combination  of  the  advantages  of  a  direct  precipitation 
of  silver  by  means  of  lead,  with  those  which  follow  from  the  electro- 
chemical action  of  the  independent  couple,  that  transforms  each 
apparatus  at  the  ordinary  temperature  into  a  voltaic  couple. 

<<  When  lead  plates  are  used  there  is  nothing  left  in  the  saline 
solution  after  a  few  operations  excepting  chloride  and  sulphate  of 
lead,  which  may  be  decomposed  with  the  aid  of  lime." 

A  later  account*  contains  the  statement  that  20  tons  of  ore 
from  Mexico,  Peru,  Chili,  Siberia,  Freiberg,  Markirch,  and 
various  places^ in  France,  had  been  successfully  treated  in  Paris. 
The  Traiie  d*Electriciti  et  de  MagvJHlsme^  published  by  the  same 
author  in  1855,  contained  a  very  interesting  account  of  a  so-called 
electro-chemical  works,  in  which  about  1  ton  of  ore  could  be 
treated  at  once.  The  process  has  never  extended,  however, 
beyond  the  experimental  stage. 

*  Dingler*9  PolytechnUchf  Journ,,  1869,  vol.  cxoii.,  p.  471. 
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Lyte's  ProceBB. — In  a  more  recent  process,  patented  hj  Lyte,* 
the  lead  is  first  converted  into  chloride,  and  this  is  then  electro- 
lysed in  the  molten  condition ;  but  it  is  doubtful  whether  the 
process  will  ever  be  applicable  to  actual  practice.  Crude  lead  is 
fused,  and  is  oxidised  by  a  blast  of  air  in  a  converter ;  the  oxide 
is  then  stirred  with  hydrochloric  acid  in  stoneware  vessels  until 
it  is  completely  converted  into  chloride.  At  the  same  time  the 
chlorides  of  other  metals  (e,g,,  of  silver)  are  extracted  from  the 
mass  of  lead  chloride  by  the  application  of  strong  hydrochloric 
acid  or  of  brine.  The  washed  and  dried  lead  chloride  is  then 
finally  electrolysed  in  a  vessel,  the  suitability  of  which  is  very 
doubtfuL  It  would  almost  seem  that  the  action  of  fused  lead 
chloride  upon  the  material  of  which  the  vessel  was  composed, 
and  the  electrical  properties  of  the  latter  were  not  known  to  the 
inventor  at  the  time  that  his  numerous  patent  specifications  were 
drawn  up.  The  above  account,  combined  with  the  referencesf 
appended,  may  therefore  suffice  for  this  process. 

2.  Electrolysis  of  Solutions  of  Ijead  Salts  with  Anodes 
Composed  of  Lead  Ore. — Concerning  this  process  there  is  little 
to  be  said.  A  few  methods  have  been  devised,  of  which  that  of 
Bias  and  Miest  has  already  been  described  in  the  Chapter  on 
Zinc  (see  p.  286).  Enough  has  already  been  written  in  the 
Chapter  on  Copper  as  to  the  treatment  of  anodes  composed  of 
ore  compressed  or  cast  into  shape. 

8,  Electrolytic  Beflning  of  IJead  by  the  Electrolysis  of 
Dissolved  or  Fused  Ijead  Compounds  with  Crude  Lead 
Anodes. — The  Keith  ProceBS. — Much  has  been  written  in  the 
chemical  and  metallurgical  journals  concerning  the  Keith  pro- 
cess ;  and  it  is  reported  by  some  writers  to  be  still  in  operation 
in  the  United  States.  The  attention  which  the  accounts  of  this 
process  have  attracted  renders  a  description  of  the  system 
necessary,  and  the  following  is  taken  from  the  Engineering  and 
Mining  Journal,  which  was  the  first  to  publish  a  detailed  account 
of  the  process  and  plant. 

Fig.  160  shows  a  cross-section,  Fig.  161  a  longitudinal  section, 
and  Fig.  162  a  plan  of  an  installation,  which  was  arranged  on 
the  basis  of  a  turnover  of  10  tons  of  lead.  Figs.  163  and  164  are 
side  and  end  views  of  a  single  tank,  the  lettering  indicating  the 
same  parts  in  each.  The  former  is  partly  in  elevation,  partly  in 
section. 

The  work-lead  is  melted  at  the  lowest  possible  temperature 
in  the  kettles,  a,  a,  and  thence  fiows  direct  into  plate  moulds. 
The  cast  plates,  &,  5,  are  400  mm.  x  1200  mm.  x  3  mm.  thick 
[1  ft.  6  in.  X  4  ft.  X  ^  in.],  and  are  fastened  to  metal  bars,  c,  c, 
by  suitable  clamps,  d,  d,  and  with  the  aid  of  the  rack,  e,  0,  are 
enclosed  in  close  fitting  bags  of  coarse  muslin. 

*  German  Patents  72,804,  74,530,  77,907,  and  78,896.    English  Patenta 
7264,  Anril  8,  and  7594,  AprU  13,  1893.    U.S.A.  Patent  510,276. 
t  Cf,  Nemst  and  Borchers,  Jdhrbuch  der  Elektrochemie  for  1894. 
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The  decompoBitioD.  vesaela  are  mode  of  boiler-pdate  of  of  wood ; 
thejr  measure  about  3  x  1-5  x  1-5  metres  [10  x  5  k  6  ft],  and  are 
charged  with  a.  Bolation  of  lead  acetate  or  cnloride.     The  cathodes 
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Fig.  161. — Seith'apUnb    Loagitudinal  section. 


Fig.  1S2.— Kdth'i  pUot.    Plan. 


Fig.  103.— Eeith'i  lead-refiaing  yftt.      Fig.  IS4.— Ksith't  lead- 
Half  Motion,  half  elevatioii.  reUoing  vat.     Croas- 
section,  shoii-iiiguiodea. 

are  thia  metal  plates  which  are  supported  by  metal  rods,  o, 
resting  on  copper  strips,  p,  placed  along  the  upper  edge  of  one 
long  side  of  rach  vat.     Along  the  rim  of  the  other  long  side  is  a 
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second  copper  bar,  g,  which  is  insulated  from  o  and  p,  as  well  as 
from  the  vat  itself ;  this  serves  to  convey  the  current  to  the 
work-lead  anodes  which  are  suspended  in  bags  as  above  described. 
The  anodes  are  transported  from  the  racks,  e,  by  the  travelling 
•crane,  A,  and  are  suspended  between  the  cathodes,  in  contact 
with  g,  and  insulated  from  p  and  from  the  walls  of  the  vessel. 
The  baths  are  arranged  in  groups  of  four,  all  the  vats  in  each 
^roup  (e.^.,  1,  2,  3,  and  4,  or  5,  6,  7,  and  8)  being  in  parallel 
circuits,  whilst  the  twelve  groups  of  four  cells  each  are  coupled 
in  series.  The  connections  between  successive  groups  are  made 
by  the  conducting  rod,  r,  as  shown  in  Fig.  164.  The  lead  which 
is  deposited  upon  the  cathodes  is  crystalline  in  form,  and 
separates  continually  from  the  plates,  so  that  a  free  space,  y,  is 
left  beneath  them  to  allow  for  its  accumulation. 

The  method  of  cleansing  and  re-charging  the  vats  is  usually  as 
follows : — The  crane  brings  up  the  cathodes  to  the  bath,  and 
meanwhile  the  solution  is  run  out  through  x  to  the  reservoir,  to^ 
whence  it  may  be  pumped  again  to  any  required  vat.  The  anode 
bags  suspended  from  their  supporting  rods  are  carried  to  the 
reservoir,  and  the  residual  solid  matter  from  the  plates  is  washed 
■and  returned  to  the  melting  pot.  The  slimes  suspended  in  the 
wash-water  are  allowed  to  de})osit,  the  water  is  drawn  off,  and 
the  residue  is  filtered  through  the  filters  ^,  ^,  t,  J,  ky  L  These 
slimes  contain  antimony,  arsenic,  silver,  gold,  copper,  and  iron, 
■and  may  be  treated  by  any  suitable  process. 

As  soon  as  the  solution  has  run  ofi*,  the  lead  which  has  fallen 
from  the  cathodes  is  shovelled  into  suitable  moulds,  and  there 
pressed  into  hard  cakes.  The  solution  is  then  pumped  once  more 
into  the  empty  tank,  the  cathodes  from  the  next  tank  are  sus- 
pended in  it,  and  fresh  anodes,  enclosed  in  bags  as  usual,  are 
placed  in  position ;  the  adjoining  vessel  is  then  treated  in  the 
same  way. 

.  In  each  fcroup  of  baths  there  should  thus  be  precipitated 
31 '1  kgs.  [68^  lbs.]  of  lead  per  hour,  so  that  the  whole  installa- 
tion of  twelve  groups  may  be  expected  to  yield  about  9000  kgs. 
9  tons]  of  lead  in  24  hours.  The  generator  will  consume  about 
2  H.F.  for  this  purpose. 

An  analysis  of  these  numbers  gives  the  following  results : — 
For  the  deposition  of  68 j^  lbs.  of  lead  per  hour,  a  current  of  about 
•8000  amp'^res  will  be  necessary.  The  KM.F.  required  is  not 
stated,  and  a  determination  of  the  fall  of  potential  between  each 
pair  of  plates  under  the  conditions  indicated  in  the  above  sketch 
was  therefore  made  by  the  author.  As  shown  in  Fig.  163, 
Keith  hangs  four  anode  plates,  0*4  metre  wide  and  1*2  metre  long 
•on  each  conducting  bar,  and  20  of  these  bars  in  each  bath.  The 
four  baths  coupled  in  parallel  have  therefore  a  total  anode 
surface  of  384  sq.  metres  [4140  sq.  ft.],  and  the  current  density  is 
ithus  found  to  be  20  amperes  per  sq.  in.  [1*86  amp.  per  sq.  ft.]. 
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Under  these  conditions  it  was  not  found  possible  to  use  less 
than  0'4  to  0*5  volt  when  solution  of  lead  acetate  or  chloride  was 
employed.  3ut,  even  if  one  were  to  assume  that  Keith  had  been 
able  to  obtain  the  desired  current-density  with  an  electrical 
pressure  of  0*25  volt  in  each  bath,  such  as  is  possible,  for  example, 
in  the  electrolysis  of  copper  solutions  with  crude  copper  anodes, 
the  dynamo  must  have  been  giving  out  12  x  0*25  x  8000  volt 
amperes  [watts]  in  order  to  drive  a  current  of  8000  amperes 
through  tne  twelve  groups  of  baths.  This  would  correspond  to 
a  consumption  of  about  Jfi  H.P.  Keith,  however,  speaks  of  the 
use  of  12  H.P.  only ;  and  on  the  strength  of  this  statement,  an 
estimate  of  cost,  of  an  unattainably  favourable  character,  has 
been  presented  by  various  technical  journals  and  handbooks. 
They  state  commonly  that  10  tons  of  lead  may  be  refined  in 
twenty-four  hours  with  an  expenditure  of  only  12  H.P.,  and 
from  this  it  is  reckoned  that  148  lbs.  of  coal  is  necessary  to 
effect  the  refining  of  1  ton  of  lead,  on  the  basis  of  3*9  lbs.  of  coal 
being  consumed  per  H.P.  hour.  From  the  data  given  above,  it 
will  be  seen  that  from  4  to  5  cwts.  of  coal  per  ton  of  lead  would 
probably  be  a  more  correct  estimate. 

In  the  above  criticism  of  the  Keith  process,  it  has  so  far  been 
assumed  that  all  the  remaining  claims  of  the  inventor  are  sound. 
Unfortunately,  however,  these  appear,  at  least  in  part,  to  stand 
upon  a  somewhat  unstable  foundation.  The  use  of  lead  chloride 
solutions,  for  example,  is  quite  out  of  the  question.  Whether 
the  electrolyte  be  neutral  or  acid,  there  is  always  a  tendency  to 
form  peroxide  of  lead  at  the  anode,  even  with  so  low  a  current 
density  as  20  amperes  per  sq.  metre  [1*86  amp.  per  sq.  ft.], 
especially  wben  the  surface  of  the  anode  plate  begins  to  grow 
rough.  The  E.M.F.  necessary  under  these  conditions  is  higher 
than  would  be  compatible  with  the  cost  permissible  in  working  a 
refinery  process  of  this  description.  The  author,  at  least,  has 
not  been  able  to  carry  on  a  continuous  electrolysis  with  a  lower 
difference  of  potential  than  1  volt. 

Use  of  Organic  DepoiarisiDg  Agents. — The  expenditure  of  power 
would  not  be  excessive  if  lead  acetate  could  be  economically 
employed,  and  there  would  be  nothing  against  the  use  of  this 
electrolyte,  if  Keith's  assertion  were  correct  that  the  acetic  acid 
suffers  no  alteration  in  the  process.  But  this  is  not  so,  for  the 
depolarising  (and  therefore  power-economising)  influence  of  all 
organic  electrolytes  is  traceable  to  the  prevention  of  lead  peroxide 
deposits  upon  the  anode;  and  this  must  always  be  at  the  expense 
of  the  organic  substance  itself,  which  becomes  slowly,  but  surely, 
oxidised.  The  products  of  the  oxidation  of  acetic  acid  are 
carbonic  acid  and  water,  which  have  no  intrinsic  value.  In 
order  to  prevent  false  conceptions  as  to  the  actual  course  of 
electrolysis  in  this  case,  it  should  be  stated  that  the  chemical 
reactions  are  not  such  that  lead  peroxide  is  formed  at  the  anode, 
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and  that  this  is  reduced  bj  a  portion  of  the  organic  acid  to  oxide, 
which  then  dissolves  in  the  excess  of  acid  and  becomes  finally 
reduced  to  metallic  lead  at  the  cathode.  On  the  contrary,  under 
normal  electrolysis,  the  phenomena  are  identical  with  those 
observed  in  the  electrolyhis  of  other  metals  of  which  no  peroxides 
are  known,  and  of  which  the  peroxides  are  only  formed  with 
difficulty.  The  metal  dissolved  into  the  electrolyte  at  the  anode 
is  again  separated  as  such  at  the  cathode,  and  the  impurities 
present  in  the  crude  metal  are  left  undissolved  at  the  anode. 
Unfortunately,  this  order  of  things  cannot  be  always  maintained 
in  practice.  The  impurities  present  in  the  crude  metal,  either 
as  such  or  in  the  form  of  oxide,  are  for  the  most  part  very  bad 
conductors  of  electricity ;  and,  as  they  do  not  become  detached 
from  the  anodes  as  rapidly  as  could  be  wished  for  the  smooth 
working  of  the  process,  they  tend  to  form  an  insulating  coating 
over  a  large  portion  of  the  anode  surface.  The  natural  consequence 
of  this  is  that  the  current  passes  mainly  through  those  parts  of 
the  plate  which  remain  freely  exposed,  and  so  the  current  density 
becomes  greatly  increased,  and  locally  the  chemical  action  of  the 
current  ^r  exceeds  the  limits  that  are  ordinarily  imposed. 
Although  it  is  desirable  to  select  an  electrolyte,  which  in  conse- 
quence of  its  oxidisability  checks  both  the  separation  of  lead 
peroxide  and  the  corresponding  increase  in  the  E.M.F.  required, 
yet  it  must  not  be  forgotten  that  while  these  secondary  reactions 
are  accomplished,  the  absorption  of  power  does  not  come  to  an 
end.  Indeed,  such  absorption  of  power  in  the  production  of 
carbonic  acid  and  water  from  acetic  acid  in  the  Keith  process  is, 
to  say  the  least,  unremunerative. 

[The  Tommasi  Process. — Another  acetate  process,  in  which 
the  electrolyte  is  the  double  acetate  of  lead  and  potassium 
(or  sodium),*  has  been  described  by  Tommasi.  An  outline  sketch 
of  the  process  will  suffice.  Other  substances  are  added  to  the 
bath  with  the  acetates,  but  their  nature  is  not  disclosed.  The 
anodes  are  cast  from  crude  argentiferous  lead,  and  two  of  these 
are  opposed  to  each  copper,  or  aluminium  bronze,  cathode,  which 
is  in  the  form  of  a  disc  rotating  at  the  rate  of  from  one  to  two 
turns  per  minute.  These  discs  are  about  10  ft.  in  diameter  and 
j  in.  thick,  and  are  half  immersed  in  the  liquid ;  at  the  upper 
part  are  scrapers  which  serve  to  detach  the  small  spongy  crystals 
of  lead  deposited  during  electrolysis.  The  crystals  thus  removed 
fall  into  channels  which  convey  them  to  a  sieve  of  wire  gauze, 
where  they  are  drained  and  washed,  the  washings  being  con- 
centrated by  evaporation  to  20*  Baum^  (sp.  gr.  =  1*256),  and 
used  again  as  electrolyte.  The  lead  is  then  compressed,  mixed 
with  2  to  3  per  cent,  of  charcoal  powder  and  fused.  The  silver 
with  most  of  the  arsenic  and  antimony  is  separated  at  the  anode, 

*  Compiea  Rendus,  1896,  vol.  cxzii.,  p.  1476.  See  also  Aluminiwn  and 
SUetrolyiis,  1896,  vol.  L,  p.  61. 
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and  is  collected  in  trays,  to  be  fused  subsequently  with  sodium 
nitrate  and  a  little  borax,  by  which  it  is  separated  from  arsenic 
and  antimony.  No  details  of  current  strength  are  given.  The 
author  estimates  the  cost  of  extracting  the  silver  from  the  work- 
lead  at  from  8  to  10  francs  per  ton  when  steam  power  is  employed 
to  run  the  dynamos. — ^Translator.1 

Uses  of  Spongy  Lead. — it  may,  however,  so  happen  that  the 
electrolytically  deposited  lead  shall  have  properties,  which  render 
it  particularly  suitable  for  some  special  purpose,  so  that  the 
increased  cost  involved  is  of  no  very  great  importance.  As  a 
matter  of  fact  this  is  the  case ;  for  the  lead  is  never  obtained 
from  aqueous  solutions  in  a  dense  coherent  form,  but  always  as 
the  so-called  lead  sponge.  Keith  recommends  that  the  deposit 
on  the  cathodes  of  his  apparatus  should  be  compressed  and  then 
fused  ;  but  the  spongy  deposit  that  is  so  troublesome  to  the 
metallurgist,  is  found  to  be  invaluable  in  the  preparation  of 
electrical  accumulators,  and  is  even,  in  some  places,  specially 
prepared  from  pure  lead  for  the  purpose.  For  such  cases  as 
these,  the  electrolytes  mentioned  in  the  Chapter  on  Zinc  might 
be  recommended.  There  are  so  many  products  of  tar-distillation 
for  which  there  is  scarcely  any  market  that  the  employment  of 
the  more  expensive  acetic  acid  or  acetates  is  quite  unnecessary. 
The  mixture  of  cresols,  technically  known  in  commerce  as  fluid 
carbolic  acid,  when  mixed  gradually  with  strong  sulphuric  acid, 
and  digested  for  some  time  at  a  temperature  of  from  50**  to 
100°  C,  is  easily  converted  into  cresol-sulphuric  acids,  which  are 
themselves  soluble  in  water,  and  are  also  capable  of  forming 
easily  soluble  salts  with  lead.  Before  employing  this  reagent, 
care  must  be  taken  to  precipitate  any  free  sulphuric  acid  that 
may  be  present  by  the  addition  of  baryta  or  of  barium  carbonate. 
But  with  a  current  density  of  20  amperes  per  sq.  metre  [0*013 
amp.  per  sq.  in.],  as  recommended  by  Keith,  a  difference  in 
potential  of  0*5  volt  has  been  found  to  be  necessary,  and  hence, 
at  least,  7*2  electrical  H.P.  (or  nearly  9  I.H.F.  in  the  water,  gaa, 
or  steam  engine)  would  be  needed  to  produce  1  ton  of  lead  in 
24  hours,  or  in  the  last-named  case  over  200  kgs.  [4  cwts.]  of 
coal  in  a  very  large  installation. 

Electrolysis  of  Fused  Lead  Salts. — If,  however,  the  usual 
market-lead  of  commerce  is  to  be  produced  (which  is  always  sold 
in  the  form  of  solid  ingots),  the  electrolysis  of  aqueous  solutions  is 
not  admissible  as  a  process  of  refining,  for  the  fusion  of  spongy 
lead  cannot  be  effected  without  the  formation  of  much  dross, 
which  then  requires  further  treatment  It  is,  however,  only  by 
the  treatment  of  fused  salts  that  an  electrolytic  refining  of  lead 
in  the  proper  sense  of  the  word  would  be  suitable,  in  order  to 
obtain  a  directly  marketable  product.  Such  a  process  has  already 
been  referred  to  in  connection  with  the  difficulties  accompany- 
ing the  treatment  of  material  containing  bismuth  in  the  refining 
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0f  lead.  It  is  evident  at  a  glance  that,  in  the  ordinary  method 
of  working  with  this  bismuth  alloy,  an  altogether  dispro- 
portionate expenditure  of  labour  and  fuel  must  be  made  for  a 
comparatiyely  insignificant  result.  Having  regard,  however,  to 
the  heats  of  formation  of  lead  and  bismuth  compounds,  it  would 
certainly  appear  probable  that,  given  a  suitable  apparatus  and  a 
moderately  fusible  electrolyte,  the  electrolytic  method  of  treat- 
ment might  not  only  be  possible  but  might  even  offer  distinct 
advantages  in  use,  having  in  view  the  direct  production  of 
valuable  and  marketable  materials,  such  as  bismuth  and  soft 
lead.  It  is  an  easy  problem  to  find  a  suitable  electrolyte,  and 
the  difficulties  to  be  encountered  lie  solely  in  the  arrangement 
of  the  apparatus. 

BorcherB'  Apparatus. — The  author  has  overcome  these  difficul- 
ties by  using  an  apparatus  of  the  form  now  to  be  described. 
Fig.  165  shows  a  vertical  cross-section,  Fig.  166  a  plan  of  the 
empty  apparatus  as  seen  from  above,  and  Fig  167  a  longitudinal 
view  in  half-section,  half  elevation.  The  melting  vessel  consists 
of  three  cast-iron  parts  :  a  and  k  are  half-cylinders  lying  horizon- 
tally ;  a  is  bounded  by  a  sloping  wall  on  the  left,  and  k  by 
another  on  the  right.  Between  the  two  is  a  hollow  iron  half- 
ring,  Vy  which  is  so  formed  that  it  has  practically  the  shape  of 
an  inverted  T  in  cross-section.  Thus  there  are  produced  two 
semi-circular  groove-like  channels,  which  serve  to  contain  an 
insulating  material,  and  which  receive  the  fianges,^,^  of  the  two 
half-cylinders,  uniting  the  whole  apparatus  into  one  melting 
vessel,  of  which  the  three  principal  parts  are  insulated  from 
one  another.  The  hollow  ring,  v,  is  water-cooled  with  the  aid  of 
the  pipe,  e.  The  water  is  allowed  to  escape  by  x  ordinarily,  or 
by  8  if  its  free  passage  through  the  apparatus  should  chance  to 
become  hindered.  The  tubes,  r  and  />,  are  used  both  to  regulate 
the  level  of  the  fused  material  in  the  trough  and  to  remove  the 
reduced  metal.  The  apparatus  is  heated  by  means  of  the  fiue,  h, 
which  surrounds  it,  and  through  which  heating  gases  ^r^d /rom 
smoke  are  passed. 

In  using  the  apparatus,  water  is  caused  to  circulate  through 
the  ring  before  heating  is  commenced,  and  great  care  is  taken 
that  this  circulation  shall  not  be  hindered  at  any  time  during 
the  progress  of  the  operation.  After  heating,  lead  is  introduced 
through  r  and  p  in  such  quantity  that  some  of  the  metal  enters 
into  each  half  of  the  apparatus.  A  mixture  of  alkaline  chlorides 
in  molecular  proportion  (KCl  +  NaOl)  is  now  melted  in  the 
vessel,  or  if  a  still  more  fusible  mixture  be  required,  an  alkaline 
earth  chloride  is  mixed  with  the  others.  If  the  fusion  be  effected 
in  the  vessel  itself,  the  mixture  must  be  introduced,  a  little  at  a 
time,  as  it  melts ;  for  large  quantities  of  salt  are  only  melted 
with  the  greatest  difficulty  if  introduced  in  mass.  It  is,  however, 
best  to  melt  the  salts  in  a  separate  vessel,  and  to  pour  the  fused 
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mbstance  Into  the  electrolytic  apparatus  after  the  latter  baa  been 
aafficiently  pre-heated.    Daring  the  operation  care  must  be  taken 


Fig.  166.  Fig.  167. 

Borchera'  le&d-reBning  pliuit. 

that  the  salt  dott  not  gain  admission  to  the  tubes,  and,  to  prevent 
this,  it  ia  advisable  to  add  some  lead  at  intervals,  but  not  so 
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much  that  the  metal  is  visible  on  the  bottom.  The  electrolyte 
must  be  kept  strongly  basic,  as,  otherwise,  the  iron  (especially  in 
the  anode  compartment)  will  be  vigorously  attacked,  and  the 
apparatus  will  soon  become  perforated.  For  this  purpose  litharge 
should  be  added ;  and  this  material  dissolves  more  readily  in  the 
salt  if  it  be  intimately  mixed  with  lead  chloride,  or  converted 
into  oxy chloride  by  treating  it  with  hydrochloric  acid.  These 
lead  compounds  must  not  be  added  until  the  melting  pot  is  nearly 
full,  because  metallic  iron  surfietces  cause  a  separation  of  lead  from 
it,  and  this  is  apt  to  produce  short  circuits  if  it  penetrate  the 
insulating  material  prematurely.  Although  at  the  commence- 
ment the  introduction  of  the  lead  compounds  at  too  early  a  stage 
may  be  a  disadvantage,  yet  when  once  the  iron  surfaces  in  the 
neighbourhood  of  the  cooling  ring  have  become  coated  over  with 
a  non-reducible  and  insulating  crust  of  solidified  salt,  it  is 
necessary  to  add  them  throughout  the  whole  course  of  subse- 
quent electrolysis.  The  potassium  chloride,  as  it  becomes 
vaporised,  is  therefore  best  replaced  by  lead  oxy chloride.  There 
is  no  fear  of  the  apparatus  failing  at  the  joints,  because,  even  if 
melted  matter  should  penetrate  the  insulating  material  (clay  free 
from  carbon,  sand,  marl,  dsKj.),  it  would  there  solidify,  and  thus 
tend  even  to  stop  the  leak.  The  author  has  adopted  the  same 
principle  of  making  secure  joints  in  other  apparatus.* 

After  the  addition  of  the  lead  salts,  the  raw  lead  must  be 
charged  through  the  hopper,  and  the  current  must  be  switched 
on*  In  this  way  the  lead  which  trickles  over  the  terrace-troughB 
of  the  anode  wall,  a,  is  for  the  most  part  dissolved,  while  a 
corresponding  quantity  of  metallic  lead  is  deposited  by  the 
current  or  the  cathode  wall,  k.  When  the  current  density  does 
not  exceed.  1000  amperes  per  sq.  metre  [0*645  amp.  per  sq.  in.] 
scarcely  a  trace  of  bismuth  dissolves.  But  if  there  be  very  little 
of  this  latter  element  initially  present,  a  current  density  of  6000 
amperes  per  sq.  metre  [3 -87  amp.  per  sq.  in.]  of  anode  surface  may 
even  be  employed  without  danger  of  solutioa.  As  the  percentage 
of  bismuth  increases,  the  current  density  is  again  reduced.  It 
is  advisable  not  to  allow  the  metal  that  is  to  be  refined  to  pass 
too  slowly  through  the  apparatus,  but  rather  to  renew  the 
sur&ce  frequently  by  passing  the  metal  repeatedly  through  the 
same  apparatus,  or  through  several  in  succession,  until  it  is 
sufficiently  enriched.  By  keeping  the  current  within  the  limits 
named  above  it  is  possible  to  obtain,  without  loss  of  metal,  not 
only  a  very  pure  soft  lead,  but  a  crude  bismuth  containing  from 
90  to  95  per  cent,  of  that  metal.  The  small  proportion  of  lead 
in  this  bismuth  is  readily  removed  by  well-known  and  simple 
smelting  processes.  The  lead  separated  during  electrolysis 
escapes  through  the  pipe,  p.  The  external  orifices  of  the  tubes, 
r  and  /?,  must  be  so  placed  that  the  level  of  the  fused  salt  shall 
9tand  at  the  line,  o,  and  that  of  the  melted  lead  at  n. 

*  Compare  the  Bodiam  apparatus,  p.  61. 


342  RLBCTIIIC  SMKLTINO  AND    RKFlNlNO. 

With  the  current  density  reoomm ended  aboTe,  the  KM.F. 
required  is  about  0*5  volt,  so  that  nearly  4*5  kgs.  [10  lbs.]  of 
lead  should  be  deposited  per  H.P.  hour. 

The  apparatus  has  at  present  been  used  only  for  experiments 
with  2-H.P.  dynamos. 

ApplioationB  of  Lead, — On  account  of  its  physical  properties 
lead  is  largely  used  for  casting,  for  bullets,  for  safety  fuses  in 
electrical  installations,  and  in  making  pipe  joints.  By  reason 
of  the  readiness  with  which  it  dissolves  other  metals,  it  is  used 
in  the  extraction  and  refining  of  the  noble  metals,  and  it  also 
forms  a  series  of  useful  alloys.  Thanks  to  the  chemical  proper- 
ties of  the  metal,  lead  is  largely  employed  for  water,  acid,  and 
gas-pipes,  for  the  production  and  lining  of  chemical  apparatus^ 
and  for  the  manufacture  of  electrical  accumulators. 


CHAPTER     VIII. 

BISMUTH. 

Properties  and  Ooourrenoe  of  Bismuth.  —  Bismuth  ^Bi; 
atomic  weight  =  208  ;  specific  gravity  =  9 '74  to  9*8)  is  a  bright 
pinkish-grey  metal  with  a  brilliant  lustre  and  a  large  foliated* 
crystalline  structure.  At  the  ordinary  temperature  it  is  so 
brittle  that  it  may  be  readily  broken  down  and  pulverised.  In 
spite  of  its  low  thermal  conductance  it  is  a  relatively  good  con- 
ductor of  electricity.  Bismuth  melts  at  264*"  to  270  0. ;  its 
boiling  point  has  not  been  accurately  determined,  but  lies 
between  1100"*  and  1600°  C.  In  the  fused  condition  it  is  an 
excellent  solvent  for  many  metals,  and  is  itself  readily  dissolved 
by  these  and  other  metals;  among  the  latter  are  the  noble 
metals,  and  (chiefly)  in  addition  to  these,  lead,  tin,  zinc, 
cadmium,  copper,  nickel,  the  alkali  and  alkaline  earth  metals. 
The  alloys  of  bismuth  with  the  first-named  metals  are  dis- 
tinguished by  very  low  melting  points  whilst  those  with  copper 
and  nickel  (bismuth  bronzes)  are  exceedingly  hard. 

At  the  normal  temperature,  bismuth  is  capable  of  withstanding 
for  a  long  time  atmospheric  influences,  oxygen,  or  weak  acids  ; 
but  at  higher  temperatures  it  oxidises  comparatively  readily  in 
air,  but  not  quite  so  easily  as  lead.  Steam  has  but  little  action 
on  the  metal  even  when  it  is  red-hot.  Among  the  ordinary 
acids,  hydrochloric  acid  attacks  bismuth  only  in  the  presence  of 
oxidising  agents,  slowly  even  in  the  presence  of  air ;  nitric  acid 
acts  more  rapidly  if  it  be  not  too  dilute ;  hot  concentrated  sul- 
phuric acid  dissolves  bismuth,  with  evolution  of  sulphur  dioxide, 
and  forms  the  sulphate.     It  forms  several  oxidation  products; 
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but  only  the  oxide,  Bi^Og,  and  the  compounds  derived  from  it 
possess  any  interest  technically.  The  neutral  salts  are  converted- 
▼ery  easily  into  the  difficultly  soluble  or  almost  insoluble  basic 
salts. 

Bismuth  is  precipitated  from  the  solutions  of  its  salts  by  a 
large  number  of  other  metals,  such  as  zinc,  manganese,  iron, 
nickel,  cadmium,  tio,  copper,  and  lead,  as  well  as  by  the  alkali 
and  alkaline  earth  metals.  It  is  worthy  of  note  in  connection 
with  the  refining  of  bismuth  that  lead  can  separate  this  metal 
completely  even  from  fused  oxides  and  basic  salts. 

Bismuth  occurs  comparatively  rarely  in  nature,  whether  in  the 
metallic  state  or  in  the  form  of  an  earthy  ore.  Native  bismuth; 
the  oxide,  Bi^Og,  as  bismuth  ochre,  and  the  sulphide;  Bi^Sj,  as 
bismuthine ;  occur  sufficiently  often  to  provide  material  for  a 
small  metallurgical  work.  It  is  also  found  as  sulphide  in  various 
sulphide  and  arsenical  ores  of  cobalt,  nickel,  copper,  lead,  and 
silver. 

Eztraotion  of  Bismuth. — Mention  can  here  be  made  only  of 
the  direct  method  of  extracting  bismuth  from  oxide  and  sulphide 
ores  and  products.  The  processes  employed  in  the  treatment  of 
ores  in  which  another  metal  predominates  will  be  described  in 
the  chapter  relating  to  the  element  in  question. 

Eliquation. — This  method  is  only  available  for  metallic  ores 
or  products,  and  is  but  rarely  practised  now,  because  the  residue 
retains  so  much  metal  that  it  must  of  necessity  be  re-smelted. 

The  Beduction  Frooess. — Oxidised  ores  and  products  are- 
smelted  upon  the  hearth  of  a  small  reverberatory  furnace,  or  in 
crucibles,  in  admixture  with  soda,  limestone,  slags  from  previous 
operations,  and  carbon.  When  basic  bismuth  salts  are  to  be 
treated  (the  oxy chloride  especially  occurs  now  and  again)  they 
must  not  be  smelted  until  they  have  been  thoroughly  mixed  with 
burnt  or  slaked  lime.  This  may  be  effected  by  means  of  a  mill, 
or  by  stirring  the  ore  with  milk  of  lime  and  subsequently  drying, 
or  by  other  suitable  means,  so  that  the  chlorine,  or  any  other 
substance  present  that  is  capable  of  forming  volatile  compounds 
and  causing  loss  of  bismuth,  may  be  combined  with  lime.  The 
use  of  soda  in  the  charge  should  not  be  too  sparing,  because  it 
gives  to  the  slag  an  additional  fluidity  which  is  necoBsary  owing 
to  the  comparative  readiness  of  bismuth  to  volatilise.  The 
ingredients  of  the  charge  should  be  so  proportioned  that  the  slag 
consists  of  a  silicate  intermediate  in  composition  between  a  bi- 
and  a  mono-silicate.  The  bismuth  so  obtained  is  not  pure  but 
nearly  always  contains  some  lead,  arsenic,  and  antimony,  fre- 
quently with  other  metals  such  as  copper  in  addition. 

The  Precipitation  Process. — Just  as  in  the  smelting  of  lead, 
sulphide,  and  arsenical  ores  may  be  treated  by  fusion  with  iron. 
In  this  case  a  slightly  basic  slag  is  used,  and  scrap  iron  is  added 
to  the  charge,  the  fluxes  being  the  same  in  kind  as  in  the  last 
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ease,  but  altered  somewhat  in  proportion.  The  copper  in  the 
ore  passes  into  matte  as  sulphide.  Cobalt  and  nickel  are  usually 
accompanied  b  j  arsenic,  and  in  this  case  a  speise  is  formed  ;  but 
in  spite  of  this  a  little  arsenic  always  finds  its  way  into  the 
bismuth.  Lead  and  antimony  also  enter  the  latter.  It  is 
therefore  necessary,  in  this  instance  as  in  the  last,  to  refine  the 
metallic  product. 

Chemical  Solution  and  Precipitation. — This  forms  the 
so-called  wet  method  of  extracting  bismuth,  and  can  be  used 
only  for  the  enrichment  or  chemical  preparation  of  ores  contain- 
ing bismuth — or  of  metallurgical  products  rich  in  lead  ;  because 
it  affords  an  oxidised  compound  of  bismuth,  which  has  then  to 
be  smelted  by  the  reduction  process.  It  has  been  explained  in 
the  Chapter  on  Lead  that  in  the  smelting  of  lead  or  silver  ores 
containing  bismuth  there  is  first  obtained  an  alloy  of  the  metals 
that  retains  its  bismuth  until  the  last  stages  of  the  silver- 
extraction  process.  The  litharge  containing  about  20  per  cent, 
of  bismuth  resulting  from  the  enrichment  above  described,  as 
well  as  the  hearth  of  the  cupellation  furnace,  and  the  slags  from 
the  Rossler  refining  process,  are  all,  as  a  rule,  treated  by  the 
wet  method.  This  consists  in  treating  the  finely-crushed 
product  with  moderately  strong  hydrochloric  acid,  in  order  to 
bring  the  bismuth  into  solution  as  chloride  whilst  leaving  the 
bulk  of  the  lead  in  the  insoluble  condition.  On  running  this 
solution  into  a  large  volume  of  hot  water,  the  bismuth  is 
deposited  as  a  basic  chloride,  whilst  the  lead  remains  in  solution. 
After  washing  the  precipitate,  which  may  be  again  dissolved 
and  treated  in  the  same  way,  it  should  be  digested  with  milk  of 
lime,  washed,  filtered,  and  dried;  and  the  resulting  product 
should  be  treated  by  the  reduction  process. 

The  Befining  Process. — For  the  refining  of  crude  bismuth 
numerous  processes  have  been  devised,  which  may  have  been 
well  enough  suited  to  some  special  sample  of  metal,  but  which 
have  been  described  without  this  qualification  in  the  journals, 
and  the  descriptions  have  thence  been  copied  into  the  metal- 
lurgical text-books  as  general  methods  applicable  in  all  cases. 

The  principal  impurities  in  crude  bismuth  are  lead,  arsenic, 
and  antimony;  and  the  refining  of  the  metal  is  conducted 
according  as  one  or  other  of  them  preponderates.  If  the  selection 
of  the  method  be  correct  the  loss  of  bismuth  should  be  very 
small,  although  the  text-books  may  state  otherwise. 

If  any  notable  proportion  {e.g.^  more  than  a  fraction  of  one 
per  cent.)  of  lead  be  present,  it  would  be  undesirable  to  fuse  the 
metal  with  caustic  alkali  and  nitre,  as  is  sometimes  recom- 
mended, because  plumbic  salts  would  be  formed,  and  would  act 
as  carriers  of  oxygen,  thus  giving  rise  to  a  very  considerable 
loss  of  bismuth.  Lead  is  easily  removed  by  melting  in  an  iron 
pot  first  a  mixture  of  potassium  and  sodium  chlorides,  to  which 
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some  causbic  soda  has  been  added,  and  then  the  metal  to  be 
refined,  a  quantity  of  bismuth  oxychloride  corresponding  to  that 
of  the  lead  to  be  removed  being  introduced  simultaneously  with 
the  crude  bismuth.  The  mixture  is  stirred  for  from  two  to  three 
hours,  according  to  the  amount  of  lead  present.  As  soon  as  a 
test  portion  of  the  bismuth  is  found  to  solidify  with  a  largely 
foliated  crystalline  structure  the  fire  is  drawn,  an  iron  hook  is 
inserted  in  the  pot,  and  the  whole  is  allowed  to  cool.  The  slag 
is  removed  by  solution  in  water  after  cooling,  and  the  metal  is 
then  lifted  by  the  inserted  hook  and  broken  up. 

If  the  bismuth  still  contain  arsenic  or  antimony,  or  if  these 
metals  should  be  present  without  lead  in  the  original  sample, 
the  bismuth  is  fused  with  caustic  soda  and  nitre.  Over- 
heating must  be  carefully  avoided,  but  otherwise  the  method 
corresponds  with  that  last  described.  The  metal  is  only  smelted 
with  sulphides  (soda  and  sulphur)  when  a  very  large  proportion 
of  antimony  is  present.  The  remaining  impurities,  which  are 
usually  few,  are  removed  by  one  of  the  other  methods  of 
treatment. 

The  essential  features  of  all  these  smelting  processes  are : — 
An  easily  fusible  mixture,  as  low  a  temperature  as  possible,  and 
a  thorough  stirring  of  the  charge.  No  universal  recipe  can  be 
given  to  guide  the  proportionment  of  slag  to  metal,  although  it 
might  seem  possible  to  iind  one  from  text-books.  The  propor- 
tions of  the  impurities  present  vary  almost  every  time,  and  the 
addition  of  fluxes  and  refining  media  must  be  made  to  correspond. 

Electrolytio  Methods. — ^The  raw  materials  already  described 
afford  but  scant  opportunity  for  electrolytic  treatment.  The 
almost  solitary  instance  of  lead  and  bismuth  separation  has  been 
given  under  Lead,  since  in  that  case  it  is  the  lead  and  not  the 
bismuth  which  is  really  electrolysed.  As  was  explained  in  the 
Chapter  named,  it  is  not  advisable  to  enrich  the  bismuth  beyond 
a  95  per  cent,  alloy  by  electrolytic  solution  of  lead ;  otherwise 
the  current  density  towards  the  end  of  the  electrolysis  would 
have  to  be  so  far  reduced  that  the  relative  expenditure  in  main- 
taining the  whole  mass  in  the  fused  condition  would  be  more 
costly  than  the  application  of  a  purely  chemical  refining  process. 
The  enriched  product,  therefore,  at  the  limit  named,  should  be 
refined  by  the  method  recommended  in  the  last  paragraph. 
,  The  Applioations  of  Bismuth. — The  use  of  bismuth  is 
practically  restricted  to  the  production  of  easily  fusible  (Wood's, 
Rose's,  Lipowitz',  &c,)  and  to  hard  (bismuth  bronze)  alloys,  and 
to  some  compounds,  such  as  bismuth  subnitrate  and  oxychloridOi 
which  are  used  for  pharmaceutical  and  cosmetic  preparations. 
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CHAPTER  IX. 

ANTIMONY. 

Properties  of  the  MetaL — Antimony  (Sb;  atomic  weight  = 
120;  specific  gravity  =  6'7),  the  most  metal-like  of  the  non- 
metals,  is  white,  and  has  a  good  metallic  lustre.  The  fractured 
surfaces  of  pure  antimony  show  a  largely  foliated  crystalline 
structure,  whilst  on  the  outer  surface  of  the  so-called  *^  antimony 
regulus,"  a  star-shaped  crystalline  marking  is  observed.  Anti-' 
mony  is  very  brittle,  and  may  be  easily  crushed  to  powder.  It 
fuses  at  about  440°  0.,  and  boils  at  a  temperature  between 
llOO*"  and  1400**  C.  Antimony  is  the  most  electro-negative 
element  in  the  thermo-electric  series,  and  is  therefore  a  valuable 
material  for  the  construction  of  thermopiles. 

Oxygen  and  water  alike  are  almost  without  action  on  antimony 
at  the  normal  temperature.  Among  the  acids,  hydrochloric  acid 
has  a  slight  solvent  action ;  nitric  acid  oxidises  it  to  the  pent- 
oxide;  strong  sulphuric  acid  first  oxidises  the  metal,  and  the 
resulting  oxide  then  forms  a  sulphate  with  the  excess  of  acid. 
Chlorine  reacts  directly  with  metallic  antimony,  and  the  reaction 
may  be  utilised  in  the  production  of  anhydrous  chloride  of 
antimony.  With  most  metals,  antimony  forms  chemical  com- 
pounds (speise  and  antimony  alloys),  which  exhibit  a  certun 
hardness  and  brittleness,  as  well  as  a  great  power  of  resistance 
to  chemical  influence. 

Antimony  forms  two  simple  oxides  of  technical  importance, 
the  trioxide,  SbgO,,  and  pentoxide,  SbgOg,  of  which  the  former 
is  chiefly  basic,  and  the  latter  is  more  acid  in  character;  but  each 
is  capable  of  acting  as  an  acid  towards  the  alkalies  and  other 
strongly  basic  substances.  Among  those  salts  in  which  antimony 
is  the  base,  almost  the  only  compounds  for  which  there  is  any 
practical  application  are  the  haloid  salts,  SbClg,  SbFg,  SbClg, 
some  double  compounds  of  these  with  alkali  metal  salts,  and 
tartar  emetic.  Of  the  salts  which  contain  the  antimony  in  the 
acid  radical,  the  compounds  of  the  trioxide,  or  antiroonious  oxide, 
are  known  as  the  antimonites,  whilst  those  derived  from  the 
pentoxide,  or  antimonic  oxide,  are  designated  antimonates.  So 
also  the  corresponding  sulphides,  SbgSj  and  SbjSg,  form  thio-salts, 
similar  in  constitution  to  the  oxide  compounds  just  described, 
and  known  as  thio-antimonites  and  thio-antimonates.     All  these 
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salts  are  for  the  most  part  produced  only  as  intermediate  pro* 
ducts  in  the  preparation  of  antimony  compounds  or  of  metallic 
antimony. 

Ooourrence  of  Antimony  in  Nature. — Of  the  antimony 
compounds  occurring  in  nature,  these  chiefly  used  in  smelting- 
are  the  sulphide,  SbjSg,  known  as  antimony-glance,  grey  antimony,. 
Btibnite,  or  antimonite,  and  the  oxide,  Sb^O,  (valentinite  and 
Benarmontite).  According  to  the  nature  of  the  ore,  the  one  or  the 
other  of  the  following  alternative  processes  is  used  in  the  smelt- 
ing of  antimony. 

The  Precipitation  Process. — This  method  of  reduction  is 
based  on  the  following  reaction,  SbjS,  +  3Fe  =  Sb^  +  3FeS. 
The  richer  sulphide  ores,  containing  50  to  90  per  cent,  of  SbjSg,- 
are  smelted  direct,  the  poorer  ores  are  first  liquated  to  concentrate 
the  sulphide,  as  antimonium  crudum  ;  the  sulphide  is  then  melted 
in  crucibles  or  reverberatory  furnaces  along  with  scrap  iron  and 
basic  additions.  For  the  latter,  a  mixture  of  sodium  sulphate 
and  carbon  is  used,  which  yields  sodium  sulphide  on  heating. 
The  antimony  thus  obtained  contains  too  many  impurities 
(iron,  kc)  to  be  used  directly,  and  is  therefore  submitted  to  a 
repeated  refining  operation,  as  will  be  explained  in  treating  of 
the  purification  of  antimony.  In  conducting  this  operation, 
either  a  reverberatory  furnace  may  be  used,  or  plumbago 
crucibles,  of  which  any  number,  up  to  40,  are  commonly  placed 
together  in  a  heating  chamber.  The  crucible  smelting  process 
is  described  fully  in  the  under-mentioned  journals.*  For  the 
reverberatory  furnace  process,  the  greatest  difficulty  is  the 
production  of  a  solid  hearth,  since  melted  antimony  finds  its 
way  even  into  the  finest  cracks.  This  difficulty  has  been  over- 
come in  a  furnace  constructed  by  the  author,  and  shortly  to  be 
described. 

The  Beduction  or  Boasting  and  Beduction  Process— 
Oxidised  ores  can  be  reduced  directly ;  sulphide  ores  only  after 
an  oxidising  roast.  The  roasting  may  be  efiected  according  to 
either  of  two  principles,  namely  :  —  by  employing  as  low  a 
temperature  as  possible  with  an  insufficient  air  supply,  in  order 
to  produce  the  volatile  antimonious  oxide,  or  by  using  a  higher 
temperature  and  an  excess  of  air,  in  order  to  convert  the  sulphide 
as  far  as  possible  directly  into  antimonious  antimonate.  The 
former  method  is  very  difficult  to  apply,  and  is  only  adopted,  as 
a  nale,  when  antimonious  oxide  is  to  be  prepared  commercially. 
Any  muffle  furnace  which  permits  of  a  thorough  control  over 
the  temperature  may  be  used.  The  roasted  ore  obtained  by 
either  process  is  smelted  in  a  reverberatory  furnace,  with  the 
addition  of  slags  from  a  previous  operation,  together  with 
Glauber's  salt  [sodium  sulphate],  and,  if  necessary,  soda.     As  to 

*Joum.  Soc  Chem.  Ind.,  1892  (vol.  xi.),  p.  16.  ZeiUehrift  fur  ange- 
wancUe  Chtmie,  1892,  p.  146. 
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the  oonstruction  of  the  reverberatory  furnace,  the  remarks  made 
in  the  last  paragraph  are  equally  applicable  here. 

The  slag  from  the  lead-softening  furnace,  consisting  of  lead 
oxide  and  antimonate,  may  be  worked  up  by  this  process.  This 
slag  may  also  be  treated  in  low  blast  furnaces,  but  of  course  it 
then  affords  a  "  hard  lead,"  consisting  of  an  alloy  of  lead  anti- 
monide,  with  varying  proportions  of  lead,  instead  of  anti- 
mony. 

Eleotrolytio  Frooesses.  —  Methods  available. — The  direct 
electrolytic  treatment  of  antimony  glance  is  out  of  the  question. 
If,  therefore,  it  be  desired  to  extract  antimony  from  its  ores  by  an 
electrical  process,  it  is  necessary  first  to  bring  the  antimony  iiito 
solution  by  ordinary  means,  and  then  to  precipitate  it  electro- 
lytically.  The  electrolytic  refining  of  antimony  has  not  been 
successful,  because  either  the  electrolytes  hitherto  available  were 
too  costly,  or  the  metal  was  obtained  in  an  unsatisfactory 
condition. 

Of  the  oldest  processes  on  record  for  the  electrolytic  deposition 
of  antimony,  that  recommended  by  Gore  *  and  by  Bottcber,t  in 
which  a  solution  of  the  trichloride  was  used,  cannot  be  employed, 
by  reason  of  the  explosive  properties  of  the  deposit.  The  first 
practical  method  was  that  recommended  by  Luckow,j:  Classen 
and  Ludwig,§  for  analytical  purposes ;  and  in  this  the  tbio-salts 
of  antimony  were  used.  The  author,  in  1885-1886,  endeavoured 
by  exhaustive  experiments  to  determine  the  conditions  favourable, 
not  only  to  the  deposition  of  the  antimony,  but  to  the  recovery 
in  Useful  form  of  the  sulphur  that  had  been  combined  with  the 
antimony  as  well  as  that  from  the  solvent  itself. 

Borchers'  Experiments  on  Antimony  Refining.  —  The 
results  of  two  experiments  conducted  on  a  large  scale  may  be 
given  by  way  of  illustration  : — 

1.  9*620  kgm.  of  Schlippe's  salt  [sodium  thio-antimonate]  was 
dissolved  in  sufficient  water  to  give  a  solution  of  10*  to  12** 
Baum^.  Sufficient  caustic  soda  solution  was  then  added  to  give 
80  pts.  NaOH  to  962  pts.  NagSbS^  +  9H2O,  so  that  the  liquid 
then  contained  the  two  substances  in  proportion  corresponding 
to  the  formula  2(Na3SbS^  +  9H2O)  +  2NaOH.  A  little  common 
salt  was  added  by  way  of  improving  the  conductance,  and  the 
solution  was  then  submitted  to  electrolysis.  The  appropriation 
of  the  elements  before  and  after  the  experiment  is  shown  in  the 
following  table : — 

*  Chemical  Oazette,  1858,  p.  59,  and  Chemical  Seios,  1863,  vol.  viiL, 
p.  201. 

"^  Journal  f Or  prahtische  Chemie^  vol.  Ixxiii.,  p.  484. 

XZeitschriJtfur  analytische  Chemie,  1890,  vol.  xix.,  p.  14. 

§  Berichte  der  devtschen  chemischen  Ge/tdlscha/t,  1885,  vol.  xvlii.,  p.  1104: 
A.  Classen,  Quantitative  Analyse  durch  Elektrolyse,  3rd.  ed.,  Berlin,  1892. 
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Antimony. 

Sodium. 

Sulphnr. 

Before  Electrolysis— 
In  form  of  salts,  &c.,  . 

Kgrm. 
2-440 

Kgnn. 
1-840 

•  •  • 

0-990 
0-503 
0-275 

2-560 

Kgnn. 
0-320 

After  Electrolysis— 
In  metallic  form,  . 
In  solution — 
2-410  kgm.NaSH,      . 
1-202    „    Na,S,,       . 
1-491    „     NasStOs  +  SHsO, 

2-437 

•  •  ■ 

•  •  • 

•  •  • 

•  ■  • 

1-377 
0-699 
0-384 

•  •  • 

•  •  • 

0*288 
0-288 

2-437 

1*768 

2-460 

The  loss  of  antimony  (3  grm.)  is  here  so  small  that  the  precip- 
itation may  be  considered  as  practically  quantitatiye.  The  loss 
of  sodium  (72  grm.)  and  sulphur  (100  grm.)  are  explained  by  the 
fact  that  the  solution  clinging  to  the  antimony  afber  the  powder 
had  been  removed  was  not  added  to  the  rest  of  the  liquid,  for 
reasons  which  will  be  explained  hereafter  in  describing  the 
method  of  treating  the  deposited  metal.  The  ratio  72  :  100  agrees 
sufficiently  well  with  1768  :  2460  to  confirm  the  above  statement. 
The  quantity  of  oxygen  actually  obtained  must  also  have  been 
larger  than  that  shown,  and  in  the  same  proportion ;  it  should, 
therefore,  be  300  instead  of  288  grm. 

2.  In  the  next  experiment  a  solution  was  electrolysed,  which 
contained  3*400  kgrm.  of  Sb^S*  and  7*200  kgrm.  of  Na^S  +  QHgO, 
corresponding  to  the  formula  Sb^Sj  +  SNajS.  The  solution  was 
made  up  to  about  the  same  specific  gravity  as  that  of  the  electro- 
lyte in  the  previous  case,  and  was  also  mixed  with  a  small 
quantity  (2  to  3  per  cent.)  of  common  salt.  Adopting  the  same 
system  of  recording,  the  results  of  the  experiment  are  shown 
in  the  following  table  : — 


Antimony. 

Sodium. 

Elgrm. 
1-380 

Sulphnr. 

Oxygen. 

Before  Electrolysis — 
In  form  of  salts,    . 

Kgnn. 
2-440 

1*920 

..• 

0-737 
0*698 
0*403 

Kgnn. 

After  Electrolysis— As  metal, . 
In  solution— 
l-290kgm.NaSH,      . 
1-200    „    NajSa,       . 
1*563    „    KasStO,+5HsO, 

2*435 

... 
••• 
••• 

OOO 

••• 

... 

0-'3b2 

2*435 

1-321 

1*838 

0-302 
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Here  again  the  deposition  of  the  antimony  was  practically 
quantitative.  The  loss  of  sodium  (59  grm.)  and  of  sulphur  (82 
grm.)  is  due,  as  proved  by  the  proportion  existing  between  them, 
to  the  solution  adhering  to  the  pulverulent  antimony  deposit. 
The  ratio  of  59  :  82  is  sufficiently  near  to  that  of  1321  :  1838  for 
this  proportion,  and  the  proportion  of  oxygen  indicated  in  the 
table  must  therefore  be  increased  to  315  grm.,  to  correspond  with 
this. 

As  shown  by  the  above  experiments,  it  was  sought  to  provide 
for  such  a  ratio  between  the  sulphur  and  the  sodium  taking  part 
in  the  reaction  that  for  every  atom  of  the  one  there  should  be 
also  one  atom  of  the  other.  Any  ratio  in  which  the  sulphur 
present  exceeds,  or  the  sodium  is  less  than,  this  amount  leads  to 
an  interference  with  the  steady  progress  of  the  operation.  The 
opposite  case  (with  more  sodium  or  less  sulphur)  leads  to  an 
increased  electrical  resistance  of  the  solution,  and  therefore  is 
also  unsatisfactory. 

According  to  the  evidence  afforded  by  the  products  of  the 
reaction  it  would  seem  that  the  antimony  sulphide  has  not  taken 
part  alone  in  the  electrolysis;  but  the  presence  of  the  three 
products,  sodium  hydrosulphide,  disulphide,  and  thiosulphate, 
tends  to  support  the  idea  that  they  were  produced  indirectly. 
In  any  case,  the  formation  of  the  sodium  hydrosulphide  can  as 
little  be  explained  without  supposing  the  intervention  of  water, 
as  can  the  presence  of  thiosulphate  without  that  of  oxygen. 
But  if,  on  the  contrary,  it  be  considered  that  water  or  sodium 
hydroxide  were  electrolysed  prior  to  the  deposition  of  antimony 
an  easy  explanation  would  be  offered  to  account  for  the  formation 
of  the  above  products.  Hence,  from  these  two  experiments,  it 
may  be  considered  that  by  the  electrolytic  action  of  a  certain 
•quantity  of  current,  6  atoms  of  hydrogen  and  3  atoms  of  oxygen 
were  rendered  available,  and  that  in  the  second  experiment  they 
produced  the  following  reactions : — 

I.  2NasSbS,  +  6H  »  Sb,  +  6XaSH. 
II.      6NaSH  +  30  =  SHjO  +  SNajS,. 

Had  these  reactions  been  carried  to  completion,  it  would  have 
been  impossible  to  decide  whether  the  equation  representing 
the  result  of  the  electrolysis  were  not  simply 

2Na,SbsS8  =  Sb,  +  2Ha^ 

instead  of  that  suggested.  But  according  to  the  analyses 
quoted  it  would  appear  either  that  this  reaction  is  only  partial, 
or  that,  of  the  above  equations  I.  and  II.,  the  latter  is  not  com- 
pleted owing  either  to  an  insufficient  circulation  of  the  solution, 
or  to  the  use  of  too  great  a  current  density,  or  the  like,  the  result 
bein^  that  a  part  of  the  oxygen  is  used  up  in  converting  a 
portion  of  the  disulphide  into  thio-sulphate.     From  equation  11. 
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it  may  be  calculated  that  0'174  kgrm.  of  oxygen  would  be 
necessary  to  the  formation  of  the  1*200  kgrm.  of  Na^Sg  found  by 
lioalysis  to  be  present  in  the  electrolysed  liquid.  The  total 
weight  of  oxygen  used  for  the  formation  of  KajSn  and  l^a^&fl^ 
in  experiment  2  is  therefore  0*485  grm.,  which  corresponds 
exactly  to  the  work  of  three  atoms  of  oxygen  liberated  per  two 
atoms  of  antimony  during  electrolysis. 

In  the  first  experiment  the  reaction  is  not  so  apparent  because 
oxygen  was  present  in  combination  with  sodium  in  the  form  of 
hydroxide  at  the  outset.  But,  accepting  the  view  that  the 
deposition  of  the  antimony  is  due  to  the  indirect  action  of  the 
current,  the  following  equation  would  distinguish  the  removal 
of  the  oxygen  initially  present  from  that  effected  in  the  main 
reaction : — 

2NasSbS4  +  2NaOH  +  6H  =  Sb,  +  2NaaSa  +  4NaHS  +  2HjO. 

Applying  in  this  case  a  computation  of  the  oxygen  necessary 
to  the  formation  of  the  disulphide  and  thio-sulphate  present, 
similar  to  that  used  in  connection  with  the  second  experiment, 
it  will  be  seen  that  0*475  kgrm.  of  oxygen  should  be  required. 
This,  again,  agrees  very  well  with  the  separation  of  three  atoms 
of  electrolytic  oxygen  for  two  of  deposited  antimony. 

Whether  or  not  this  explanation  be  correct,  the  experiments 
clearly  show  that  the  thio-antimonate,  NajSbS^,  requires  no 
greater  expenditure  of  power  than  does  the  thio-antimonite, 
NagSbS.,  although  the  antimony  in  the  former  case  must  be 
regarded  as  pentavalent  (dNa^S  +  Sb^S^  =  2Na3SbS.),  and  in 
the  latter  case  as  trivalent  (SNagS  +  SbjSs  =  2Na3SbS3). 
Antimony  appears,  therefore,  to  form  only  ti*ivalent  ions  in 
sulphide  electrolytes.  In  full  accord  with  this  is  the  observa- 
tion that  the  so-called  pentasulphide,  precipitated  from  the 
purest  solutions  of  antimonates,  always  yields  to  carbon 
bisulphide  so  much  sulphur  that  the  residual  matter  contains 
antimony  and  sulphur  in  the  proportion  required  by  the  tri- 
sulphide.  In  aqueous  solution,  as  well  as  in  the  free  condition, 
there  appears,  therefore,  to  be  no  pentasulphide  of  antimony. 

ConditionB  Suitable  to  Electrolytic  Beflning  of  Antimony. 
— It  has  been  affirmed  by  some  that  this  method  must  in  all 
eases  be  too  costly.  Undoubtedly,  it  would  be  so  if  it  were 
necessary  to  purchase  the  sodium  sulphide  required  for  the 
reaction,  and  if  the  solution  were  run  to  waste  after  it  had  been 
electrolysed.  But  there  are  circumstances  under  which  the 
method  might  be  utilised  with  advantage,  and  some  of  these 
may  here  be  shortly  examined  into : — 

1.  The  simplest  case  would  be  that  in  which  a  cheap  source 
of  sodium  sulphate  was  available.  In  countries,  or  in  industrial 
centres,  in  which  hydrochloric  acid  is  manufactured  as  a  main 
product  (and  not  incidentally  as  in  the  Leblanc  soda  process), 
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sodium  sulphite  would  be  a  bye-product.  The  process  would 
then  consist  of  the  following  stages  :  — 

(a)  Reduction  of  the  sulphate  to  sodium  sulphide  by  heating 
with  carbon. 

(6)  Leaqhing  of  the  product ;  in  which  case  the  cost  of  clear- 
ing, evaporating,  crystallising,  packing,  and  freight  of  the 
sodium  sulphide  would  not  be  included,  because  the  liquors 
would  be  utilised  in  the  next  stage. 

(c)  Solution  of  the  antimony  ore  in  the  sodium  sulphide 
solution. 

(d)  Electrolysis  of  the  clear  solution,  and  deposition  of 
antimony. 

{e)  Fusion  of  the  antimony. 

(/)  Oxidation  of  the  electrolyte  by  means  of  air,  and  con- 
centration of  the  resulting  thio-sulphate. 

Thus,  from  the  raw  materials,  sodium  sulphate,  carbon,  and 
antimony  ore,  there  would  be  produced  antimony  and  sodium 
thio-sulphate. 

2.  It  is,  therefore,  evident  that  hydrochloric  acid  manu- 
facturers might  adopt  this  process,  in  order  to  find  a  profitable 
use  for  the  comparatively  unsaleable  sodium  sulphate.  In  this 
instance  the  raw  materials  would  be  sulphuric  acid,  or  the 
sulphides  necessary  for  its  manufacture,  common  salt,  coal,  and 
antimony  ore,  while  the  marketable  products  would  be  hydro- 
chloric acid,  antimony,  and  sodium  thio-sulphate. 

3.  In  districts  in  which  there  is  no  demand  for  hydrochloric 
acid,  the  process  might  be  altered  but  slighly,  thus  : — 

(a)  Manufacture  of  sulphuric  acid  from  a  part  of  the  sulphur 
recovered  at  the  end  of  the  operation. 

(6)  Sodium  sulphate  and  hydrochloric  acid  prepared  from 
sulphuric  acid  and  common  salt. 

[c)  Sodium  sulphide  prepared  from  sulphate  and  coal. 

[d)  Leaching  of  the  antimony  ore. 
{e)  Electrolysis  of  the  antimonite  lye. 
(/)  Fusion  of  the  antimony. 

(jgi)  Recovery  of  sulphur  from  the  spent  electrolyte  with  the 
aid  of  the  hydrochloric  acid,  more  than  half  of  the  sulphur  being 
thus  reconverted  into  sulphuric  acid,  and  the  residue  being  sent 
into  the  market  as  such,  or  in  the  form  of  sulphuric  acid. 

In  this  case  th^  raw  materials  would  be  : — Sodium  nitrate,  air 
and  steam  for  the  sulphuric  acid  plant,  common  salt  ^to  the 
amount  of  the  working  loss,  the  greater  part  of  that  used  being 
recovered),  coal,  and  antimony  ore.  Whilst  the  finished  pro- 
ducts would  be  antimony  and  sulphur  or  sulphuric  acid. 

Practical  Working  of  the  Electrolytic  Process. — The 
following  is  a  short  sketch  of  the  conditions  that  would  obtain, 
in  laying  down  and  working  an  installation  of  this  process, 
on  a  large  scale,  with  illustrations  of  the  electrolytic  vessels 
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reoommended  for  the  purpose.  The  sulphuric  acid,  sulphate, 
and  sulphide  manufactures  are  better  dealt  with  in  the  hand- 
books relating  to  the  manufacture  of  these  substances  than 
thej  could  be  in  the  space  here  available. 

The  leaching  of  the  ore  is  effected  in  the  conical  iron  vessels, 
a  (Figs.  168, 169),  the  sodium  sulphide  solution  being  heated,  and 
at  the  same  time  agitated,  by  means  of  steam  introduced  through 
the  steam-pipe,  b.  As  soon  as  the  solution  is  boiling,  the  finely- 
divided  ore  is  sprinkled  into  it.  Any  antimony  compound  may 
be  used  that  is  readily  soluble  in  solutions  of  sodium  sulphide. 
The  presence  of  sodium  hydirosulphide  or  of  polysulphides  is  not 
objectionable,  provided  that  the  proportion  of  sulphur  to  sodium 
is  kept  (by  the  addition  of  soda)  within  the  limits  already 
prescribed — viz.,  that  in  the  solution  to  be  electrolysed,  every 
atom  of  oxiducMe  sulphur  shall  he  accompanied  hy  an  atom  of 
sodium  capable  of  neutralisation.  On  this  account  the  use  of 
sodium  sulphide  must  not  be  too  sparing.  For  example,  the 
production  of  an  aqueous  solution  of  Sb2S3  +  Na^S  +  2NaOH  is 
quite  possible,  but  the  mixture  is  so  unstable  that  even  during 
the  clearing  of  the  solution,  a  separation  of  antimony  compounds 
may  take  place.  > 

Antimony  glance  is  best  suited  for  treatment,  and  even  very 
poor  ores  may  be  worked  advantageously,  since  antimony 
trisulphide  is  readily  soluble  in  extremely  dilute  solutions  of 
sodium  sulphide.  There  should  be  present  in  the  solution  three 
molecules  of  sodium  sulphide  for  each  molecule  of  antimony 
trisulphide  ;  and  after  the  extraction  is  complete  the  concentra- 
tion should  not  exceed  12*"  £aum^  (or  9^  to  10*"  if  hot).  About 
3  per  cent,  of  common  salt,  reckoned  on  the  whole  quantity  of 
electrolyte,  should  then  be  added.  This  serves  both  to  assist 
the  clearing  of  the  solution  by  the  separation  of  dissolved 
sulphide  of  iron,  and  to  reduce  the  electrical  resistance  of  the 
solution.  If  the  spent  electrolyte  be  ultimately  worked  up  into 
sodium  thio-sulphate,  the  sodium  chloride  is  separated  out  again 
during  the  final  evaporation. 

After  the  requisite  quantity  of  ore  has  been  added  to  the 
liquid  in  the  extraction  apparatus,  the  mass  is  stirred  thoroughly 
by  a  current  of  injected  steam  for. an  hour  or  longer  according  to 
the  degree  of  fineness  to  which  the  ore  has  been  reduced.  From 
time  to  time  air  is  admitted  with  the  steam,  by  the  operation  of 
a  steam  injector,  c,  on  the  steam-pipe,  5. 

When  the  heating  and  stirring  have^been  continued  sufficiently 
long,  the  insoluble  portion  of  the  charge  is' allowed  to  deposit, 
and  the  clear  solution  is  afterwards  (after  two  to  three  hours) 
drawn  off  through  the  pipe.  Since,  however,  the  height  of  the 
deposit  in  the  vessel  varies  in  different  charges,  the  bell-shaped 
siphon  arrangement,  d,  is  used  to  ensure  that  only  the  clear 
liquor  is  drawn  off.      This  siphon  consists  of  a  wide  tube, 
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open  below  and  closed  aboye,  suspended  hj  a  chain  or  wire, 
0,  in  such  a  way  that  it  may  be  moved  up  and  down  over 
the  vertical  up-turned  end  of  the  pipe,  /,  within  the  leaching 
vessel.  The  height  of  this  tube  and  of  the  bell  is  governed  by 
the  level  at  which  the  deposit  stands  within  the  vessel.  With 
ores  of  a  similar  character  the  variations  in  level  are  not  very 

great.     By  raising  or  lowering  the  bell  it  is  possible  always  to 
raw  the  liquid  off  from  just  above  the  level  of  the  deposit  in 
the  apparatus. 

The  solution  is  at  once  pumped  out  of  the  receiver,  ^,  through 
the  pipe,  h,  and  the  channel,  t,  to  the  reservoir,  k,  from  which  it 
flows  through  the  corresponding  row  of  electrolyte  tanks,  I; 
thence  after  passing  through  them,  or  when  it  is  exhausted  of 
antimony,  it  escapes  through  the  channel,  m,  or  the  floor  of  the 
room  to  the  tank,  n,  placed  at  a  lower  level,  from  which  it  may 
be  raised  for  further  circulation,  or  may  be  pumped  to  another 
I^art  of  the  works  for  the  recovery  of  thio-sulphate  or  of  sulphur. 

After  this  solution  has  been  run  off,  the  slimes  in  the  leaching 
tank  are  again  boiled  up  with  fresh  sodium  sulphide  liquor. 
The  resulting  solution  is  drawn  off  exactly  as  before,  but  instead 
of  being  run  into  the  receiver,  k,  it  is  conducted  to  another 
leaching  vat,  a,  where  it  is  used  in  place  of  fresh  sodium  sulphide 
to  treat  a  new  charge  of  ore.  The  residue  in  the  first  vessel  is 
then  boiled  up  twice  with  a  little  water,  which  is  run  off  into 
one  of  the  receivers,  g,  and  is  used  again  in  leaching  a  subsequent 
charge. 

The  exhausted  slimes  are  then  drawn  off  through  the  valve,  o, 
at  the  bottom  of  the  leaching  tank  into  a  filter,  p,  on  which  the 
last  portions  of  liquid  are  separated,  and  on  which  the  residue  is 
rinsed  with  a  little  hot  water.  The  wash- waters  from  the  filters 
are  finally  accumulated  in  the  reservoir,  q,  from  which  they  are 
again  used  as  extracting- water  in  the  leaching  tanks. 

A  plant  such  as  that  indicated  in  Figs.  168  and  169  on  a  scale 
of  1 :  200,  would  suffice  for  the  extraction  of  300  to  400  kgrm. 
[6  to  8  cwt.]  of  antimony  in  twelve  hours  from  poor  ores  contain- 
ing only  10  per  cent,  of  the  metal.  By  increasing  the  rate  of 
working,  the  outturn  might  easily  be  doubled. 

Single  depositing  tanks  with  their  more  important  attachments 
are  shown  on  a  larger  scale  in  Figs.  170  and  171.  In  the  iron 
tanks,  B,  hang  the  replaceable  anodes.  A,  and  cathodes,  K. 
The  latter  consist  of  iron  plates,  which  are  clamped  to  the 
square  rail,  T,  and  rest  immediately  on  the  rim  of  the  vessel. 
The  tank  itself,  therefore,  is  used  as  a  cathode.  In  order  to 
insulate  the  anodes  wooden  bars,  J,  are  rested  upon  the  brackets, 
H,  on  the  long  side  of  the  upper  rim  of  the  vessel,  and  these 
carry  the  positive  leads,  P,  which  consist  of  strips  of  copper  or 
iron  so  placed  that  the  iron  bars  which  carry  the  lead  anode 
plates  rest  upon  them. 
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The  manner  of  circnlating  the  solution  is  so  clearly  indicated 
in  the  drawing  that  very  little  explanation  need  be  given.  The 
electrolyte  enters  the  vessel  beneath,  and  overflows  above  into  a 
channel,  O,  by  which  it  passes  to  the  next  tank.     This  arrange- 


Pig.  170. — Antiuoay  electrolytic  1 


Fig.  171< — Antimony  electrolytia  t«nk.    Pl&n, 

ment  mnBt  not  be  capable  of  acting  as  a  conductor  if  the  vessel! 
are  connected  up  in  electrical  series,  and  it  consists,  therefore^ 
mainly  of  a  caoutchouc  tube,  S.  In  order  that  the  column  of 
liquid  counecting  successive  vats  may  not  itself  interfere  with 
the  electrical  circuit,  the  length,  and  therefore  the  resistance,  of 
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the  column  is  made  sufficiently  great.  THe  solution  must  be 
introduced  from  below,  because  it  becomes  specifically  lighter 
during  the  progress  of  electrolysis.  A  three-way  cock,  D,  is 
placed  beneath  the  bottom  of  the  vessel  so  that  it  may  be  possible 
to  draw  off  the  liquid  through  it^  and  through  the  escape-pipe,  X, 
in  connection  with  it.  By  this  arrangement  it  is  ensured  that 
no  vessel  can  be  emptied  until  connection  with  the  one  preceding 
has  been  closed.  To  provide  for  the  better  distribution  of  the 
solution  through  the  tank,  a  bent  plate,  Y,  is  placed  at  the 
bottom  of  the  vessel  on  the  side  of  the  admission  pipe,  and  a 
second  bent  plate,  U,  is  so  attached  to  the  side  wall  that  there  is 
only  a  small  space  between  the  two  plates  along  the  whole  of 
one  side  of  the  electrodes.  The  electrolyte  is  introduced  through 
this  space.  This  plate,  Y,  is  riveted  to  the  bottom,  and  although 
it  is  not  quite  water-tight,  it  serves  to  prevent  the  deposited 
antimony  lying  upon  the  bottom  of  the  tank  from  being  swept 
out  with  the  liquid  during  the  emptying  of  the  tank.  In  order 
to  show  this  arrangement,  a  portion  of  the  electrodes  to  the  right 
in  Fig.  171  has  been  cut  away.  The  electrical  connections  are 
clearly  seen  from  the  drawings.  The  current  density  must 
decrease  with  the  percentage  of  antimony  in  the  solution. 
Although,  with  concentrated  solutions  electrolysis  may  be 
eotbmenced  with  a  current  of  100  to  15Q  amperes  per  sq. 
metre  [0*064  to  0*1  amp.  per  sq.  in.]  it  is  economical  gradually 
to  reduce  it  to  about  40  to  45  amperes  [0*026  to  0*03  amp.  per 
sq.  in.].  This  may  be  effected  either  by  introducing  more  baths 
into  the  circuit,  or  by  coupling  some  of  the  tanks  at  the  eiia  of 
the  series  in  parallel.  The  necessary  KM.F.  averages  t^ffdef 
two  volts  per  bath. 

The  metal  separates  in  pulverulent  form  or  in  lustrous  ^cftlek 
according  to  the  density  of  current  used.  A  part  always,  Setil^tf 
to  the  bottom,  whilst  that  which  adheres  to  the  iron  plat^  hi 
readily  detached  by  steel  wire  brushes.  The  method  of  meliihg 
the  antimony  together  will  be  described  later. 

Th6  system  of  working  up  the  spent  solution  for  sulpfauf  6t 
ihio-sulphate  may  be  found  in  the  usual  handbooks.  , 

Sanderson's  Process. — A  few  other  processes  which  have 
not  yet  been  used  commercially  remain  to  be  described;  Some 
of  them  are  unworkable  on  a  technical  scale.  Sanderson's!* 
process  for  antimony  refining  (which,  according  to  Yogel,t  ^M 
experimented  with  by  an  English  Company  in  1889)  may  here 
be  taken  as  a  typical  example.  A  solution  of  butter  of  antimony 
in  a  very  concentrated  solution  of  sodium,  potassium,  or  am- 
monium chloride,  acidified  with  hydrochloric  acid,  is  said  to 
resist  even  great  dilution  with  water;  it  should,  therefore,  be 
very  suitable  for  use  as  an  electrolyte.     In  this  solution  are 

*  German  Patent  64,219,  Feh.  26,  1890. 

f  Zeitschrijl/iir  angexoandte  CJiemU,  1891,  p.  327« 
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tnspended  antimony  anode  plates  containing  gold.  When  the 
current  is  passed  they  are  gradually  attached,  the  antimony 
being  dissolved  and  deposited  electrolytically  upon  the  cathodes, 
while  the  gold  particles  sink  to  the  bottom  of  the  yat,  whence 
they  are  removed  and  fused  together  as  soon  as  sufficient  have 
accumulated. 

The  process,  however,  according  to  Yogel's  account,  proved 
itself  too  costly.  But  apart  from  this,  it  has  been  shown  that  a 
chloride  solution  can  never  afford  a  good  deposit,  and  even  for 
this  reason  alone  the  process  would  sttuid  condemned. 

Kopp'8  ProcesB. — Kopp*  proposes  to  treat  antimony  ores 
with  solutions  of  ferric  salt,  in  order  to  obtain  antimonious 
chloride,  according  to  the  following  reaction : — 

6Pea,  +  SbjSj  -  6FeClj  +  2SbCl,  +3S. 

The  reaction  takes  place  rapidly  and  completely  if  free  hydro- 
choric  acid  or  (better)  a  halogen  salt,  such  as  sodium  chloride, 
be  added.  The  antimony  solution  is  then  to  be  passed  into  the 
cathode  compartments  of  an  electrolyte  tank,  which  is  divided 
up  by  diaphragms  into  cells,  whilst  the  ferrous  chloride  solution 
is  conducted  through  the  anode  compartments  after  the  antimony 
has  been  deposited  from  it.  Thus  whilst  the  antimony  is  pre- 
cipitated at  the  negative  electrode,  the  ferrous  chloride  is  peroxi- 
dised,  and  ferric  chloride  is  regenerated  at  the  positive  electrode. 
The  latter  solution  is  then  used  once  more  to  dissolve  antimony 
compounds.  Both  anodes  (!)  and  cathodes  may  be  made  of  lead. 
The  electrolyte  is  heated  at  50°  0.,  and  is  kept  in  motion.  In 
order  to  obtain  a  dense,  instead  of  a  spongy,  deposit  of  antimony, 
a  current  density  of  40  amperes  per  sq.  metre  [0*026  amp.  per 
sq.  in.]  is  used. 

8iemens*Hal8ke  ProoesB.  —  Siemens  and  Halske  have 
patented  a  process,!  by  which  the  sulphide  of  antimony,  or  of 
arsenic,  is  dissolved  in  alkaline  sulphydrate  and  added  to  the 
cathode  cells  of  an  electrolysis-apparatus,  whilst  at  the  anodes  a 
solution  of  an  alkaline  chloride  is  employed  for  the  sake  of 
obtaining  chlorine.  But  this  method  of  electrolysing  thio-salts 
is  by  no  means  happily  chosen ;  the  recovery  of  chlorine  at  the 
anode  is  scarcely  suitable  here ;  it  demands  the  use  of  a  more 
complicated  apparatus,  and  the  introduction  of  diaphragms  ^for 
which  no  suitable  material  has  yet  been  found)  without  offermg 
any  noteworthy  advantages.  The  reactions  quoted  in  the  patent 
specification  do  not  take  place  so  readily  as  would  be  understood 
from  the  equation. 

[This  firm  is  now  introducing  into  the  market  electro-deposited 
antimony,  presumably  made  by  the  above  process,  in  the  form  of 
grey  plates,  about  -^-^  in.  thick,  with  a  rough  surface,  covered 
with  wart-like  excrescences  on  one  side,  but  smooth  on  the 

*  German  Patent  66,647.  t  German  Patent  67,973. 
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other  (where  it  had  been  in  contact  with  the  cathode  plate). 
The  fracture  is  crystalline,  and  the  metal  is  said  to  contain  99*7 
to  99*9  per  cent,  of  antimony. — Translator.] 

The  electrolytic  extraction  of  antimony  has  scarcely  passed 
out  of  the  experimental  stage ;  but  it  may  be  assumed  that,  if 
the  problem  cannot  be  solved  by  the  electrolysis  of  sulphides, 
it  can  scarcely  be  hoped  that  a  satisfactory  solution  will  be  found 
for  it. 

Treatment  of  the  Crude  or  Eleotro-deposited  AntL- 
mony. — None  of  the  methods  of  obtaining  antimony — whether 
metallurgical  or  electrolytic — is  capable  of  yielding  a  directly 
marketable  product.  Either  the  metal  is  too  impure  or  it  is 
obtained  in  a  loose  and  pulverulent  form. 

A  process  of  fusion  either  for  rejming  w  for  rwvning  ths  metal 
togeifier  is,  therefore,  unavoidable  in  every  case.  The  impurities 
may  consist  of  sulphur,  arsenic,  iron,  copper,  and  other  metals. 
In  order,  as  far  as  possible,  to  prevent  the  contact  of  the  metal 
with  iron,  the  impure  antimony  is  melted  in  crucibles  or  rever- 
beratory  furnaces,  in  the  £rst  place  with  antimony  sulphide 
(SbjSj,  that  has  been  liquated  from  antimony  glance),  by  which 
means  iron  and  copper  are  principally  removed,  and  afterwards 
with  basic  substances,  such  as  potash  or  soda,  together  with  a 
small  proportion  of  oxide  or  sulphide  of  antimony.  In  this  way 
the  metal  becomes  desulphurised,  with  the  formation  of  a  slag 
containing  thio-salts  of  antimony.  The  antimony  obtained 
elect rolytically  and  brushed  off  the  cathodes  must  be  washed 
and  dried,  and  is  then  fused  together  under  a  slag  of  antimony 
oxysulphide  or  of  thio-antimonites,  with  basic  additions,  such  as 
soda  or  potash. 

The  Applioations  of  Antimony  have  already  been  described 
in  referring  to  its  properties,  they  include  alloying,  deposition, 
pigments,  thermo-electric  couples,  antimony  chloride. 
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CHROMIUM,  MOLYBDENUM,  TUNGSTEN,  URANIUM, 

MANGANESE. 

CHBOMIUM. 

Properties  of  Chromium. — Chromium  (Cr ;  atomic  weight » 
52 ;  specific  gravity  «  6  to  7)  is  a  bright  grey,  very  lustrous,  and 
very  hard  crystalline  metal.     Its  fusing  point  has  not  yet  been 
determined  with  accuracy,  but  it  is  a  little  higher  than  that  of 
platinum,  or  approximately   2000**   C.     Chromium   containing 
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carbon  melts  at  a  temperature  between  IGOO"*  and  1800*"  C.  The 
alloying  properties  of  chromium  have  not  been  so  fully  examined 
as  those  of  other  metals  on  account  of  the  infusibility  of  the 
metal ;  and  only  the  alloys  with  iron  (ferro-chrome,  and  chrome 
steel)  are  of  any  practical  importance.  Since  a  metal  containing 
carbon  is  yielded  by  most  of  the  processes  employed  in  extract- 
ing chromium,  many  of  the  properties  ascribed  in  the  books  to 
pure  chromium  in  reality  belong  to  its  carbon  or  carbide  alloy. 
Pure  chromium  oxidises  very  slowly  in  cold  air;  but,  on 
heating,  the  surface  becomes  readily  covered  with  a  thin  film  of 
oxide,  which  may  possess  any  colour  from  yellow  to  blue.  Even 
in  oxygen  it  does  not  burn  as  readily  as  iron.  Chromium  com- 
bines with  sulphur  and  with  the  halogens,  evolving  a  very 
considerable  amount  of  heat.  It  is  especially  prone  to  combine 
with  carbon  and  silicon,  and  it  has  already  been  stated  that  it 
is  almost  impossible  to  obtain  by  simple  reduction  processes  a 
metal  that  is  free  from  carbon.  Carbides  have  not  yet  been 
isolated  as  such;  but  a  metal  very  rich  in  carbon  is  easily 
obtained.  Carburised  chromium  is  much  harder,  and  resists 
chemical  influences  far  more  than  does  the  pure  metal.  The 
oxide,  Cr.Og,  and  the  so-called  chromic  acid,  CrOj,  are  the  chief 
compounds  with  oxygen  that  are  of  technical  importance ;  the 
first-named  forms  a  series  of  (chromic)  salts  with  acids,  the 
latter  a  series  of  chromates  or  chromic  acid  salts  with  bases. 

Ooourrenoe  in  Nature. — In  nature  chromium  is  mainly 
found  as  oxide  in  chrome  iron  ore,  FeO  .  CrjO^  which  rarely, 
if  ever,  corresponds  accurately  to  this  formula,  the  FeO  being 
in  part  replaced  by  MgO,  and  the  OroO.  in  part  by  Al^O.  or 
FejOg.  Crocoisite  is  a  chromate  of  lead,  FbCrO..  Chrome  iron 
ore  alone  is  practically  used  for  the  extraction  of  chromium. 

The  Beduction  Prooess. — Chromium,  which  is  to  be  used 
for  the  manufacture  of  iron  alloys,  may  be  reduced  direct  from 
the  chrome  iron  ore  in  admixture  with  iron  ore,  either  in  blast 
furnaces  or  in  crucibles,  the  product  being  an  alloy  of  iron  and 
chromium  known  as  ferro-cfvrome.  If  crucibles  are  employed, 
and  the  alloy  in  to  be  obtained  in  the  fused  condition,  it  will  be 
necessary  to  employ  regenerative  gas-firing. 

The  metal  can  only  be  obtained  unalloyed  by  treating  the 
pure  oxide,  but  even  then  it  will  not  be  free  from  carbon.  The 
method  of  obtaining  the  oxide  from  chrome  iron  ore  is  some- 
what tedious.  A  chromate  is  first  obtained  by  calcining  the 
finely-divided  ore  with  potash  or  soda  in  the  presence  of  air,  and 
from  this  the  oxide  is  produced  by  roasting  with  sulphur.  The 
oxide  formed  in  this  way  is  washed  free  from  the  alkaline 
sulphates  produced  during  the  treatment  with  sulphur,  and  it  is 
then  reduced  by  heating  it  with  carbon  in  plumbago  crucibles. 
In  this  manner  a  grey  metallic  powder  is  obtained,  which  shows 
no  sign  of  fritting  even  when  regenerative  gas-firing  has  been 
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employed.  The  metal  can  only  be  faaed  with  the  aid  of  electricity, 
for  which  purpose  an  apparatus  he&ted  either  by  means  of  an 
electrical  reaistance  or  by  the  arc  may  be  nsed.  With  the  aid 
of  the  former  apparatus  (see  pp.  88,  110,  113,  113)  the  author 
fras  first  auccessful  in  obtaining  fused  chromium.  The  simplest 
form  of  this  apparatus  may  again  be  figured  at  this  place  for 
convenience  iu  illustrating  the  principle  used  in  heating 
{Fig.  172).  Within  the  space  left  between  the  fire-bricks, 
A  B  C  D  F  S,  a  mixture  of  chromium  oxide  and  carbon  is 
packed  around  the  carbon  rod,  k,  which  forms  a  bridge  between 
the  thick  carbon  rods,  K,  and  thus  lies  in  the  midst  of  the 
mixture.  The  passage  of  a  powerful  current  of  8  to  10  amperes 
per  sq.  mm.  of  cross-sectional  area  of  the  small  rod  [5000  to  6500 


Fig,  172.— BurcherB' electric  furnace. 

amps,  per  sq.  in.]  is  sufficient  to  raise  the  temperature  of  tha 
mass  to  such  an  extent  that  the  oxide  is  reduced,  and  the 
resulting  chromium  fuses  together.  The  use  of  this  furnace  was 
explained  in  an  earlier  chapter,  and  it  is,  therefore,  nnnecesaarf 
to  dwell  further  upon  it  here. 

Moissan's  Furnaoe. — Moisaan,*  who  has  described  the  best 
method  of  obtaining  non-carbnrised  chromium,  at  first  recom- 
mended the  use  of  the  apparatus  shown  in  Fig.  173.  The  hearth 
of  this  miniature  furnace  consisted  of  a  limestone  block  {pierre 
de  Courton),  in  which  a  rectangular  cavity  had  been  prepared. 
The  walla  of  the  cavity  were  lined  with  magnesia  plates  10  mm. 
[0-4  in.]  thick,  and  then  again  with  carbon  plates  of  the  same 
thickness.  Two  stout  carbon  rods  were  introduced,  one  through 
each  opposite  side  wall,  the  carbon  lining  being,  of  course,  out 
away  so  that  it  did  not  touch  the  rod  at  any  point  and  so  make 
contact  with  it  or  start  an  electric  arc.  At  right  angles  to  the 
electrodes,  but  at  a  somewhat  lower  level,  a  carbon  tube  is  passed 
through  a  third  wall.  The  tube  may  be  set  level,  or  at  any  angle 
of  leaa  than  30°  with  the  horizon,  and  serves  to  contain  the 
■  Contpta  Rtndui,  1S93,  vol.  civii.,  p.  679. 
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Bnbatance  to  be  heated,  which  either  rests  in  or  ie  pasEed  throngh 
its  The  end  of  the  tube  should  be  some  10  mm.  [0-4  in.]  below 
the  electric  arc.  The  cover  of  the  melting  chamber,  like  the  body 
of  the  fnrnace,  consists,  first,  of  a  carbon  plate,  then  of  a  slab  of 
magnesia,  and,  finally,  of  a  limestone  block. 

ChapIet'B  Fomsoe. — Ghaplet*  seeks  to  distribute  the  heat 
more  evenly  in  the  furnace  by  submitting  the  tube  containing 


Fig.  173.— Mi^Bsau's  eleetrio  fnmace.  Fig.  174.— Cbaplet'a  dectric  fninaoe, 

the  charge  to  the  influence  of  a  larger  number  of  arcs.     The 
furnace  consists  of  two  main  portions,  an  under  part,  a,  and  an 
upper  portiob,  b,  which  are  luted  together  when  in  use  (Fig.  174). 
The  lower  part,  a,  is  in  the  form  of  a  well,  e,  hollowed  out  of  the 
hearth  of  the  furnace,  or  extend- 
ing over  the  whole  hearth.    The 
hearth  is  made  to  slide  or  to 
run  on  wheels  or  rollers,  so  that 
it  may  be  moved  and  replaced 
easily.      The  upper  part  could 
also  be  made  movable,  so  that 
it  might    be    transferred   from 
one  collecting  well  to  another. 

The  upper  portion  of  the  fur- 
nace contains  the  mnffle  tubes 
and    the     movable     eJectrodeB, 
The    muffle    is    sufficiently    in- 
clitied  downwards,  and  may  con- 
sist of  a  simple  tube  having  an 
opening,  o,  at  its  lowest  point, 
throngh      which      the     molten 
material  may  flow  into  the  collecting  well.      It  may  also  be 
doubled,  and  possess  a  V-form  with  an  opening  at  the  narrow 
part  of  the  V,  to  allow  of  the  escape  of  the  molten  charge  (Fig, 
175).      The  electrodes,  e,  in  sufficient  number,  are  so  disposed 
that  the  whole  mass  in  the  tube,  d,  may  be  heated.     Additional 
electrodes,  c',  are  arranged  near  the  mouth  ot  the  tube  contain- 
ing the  charge,  so  that  the  arcs  playing  between  them  may 
prevent  the  solidification  of  the  mass  at  this  point. 
■  Garman  Pitcnt  77,896. 
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Beflning  of  Crude  Chromium. — Both  the  containing  tube 
(whether  it  be  made  of  a  mixture  of  clay  and  graphite  or  of  any 
other  refractory  material)  and  the  carbon  of  the  charge  itself 
tend  to  prevent  the  formation  of  a  pure  chromium  free  from 
carbon,  silicon,  ifec,  by  the  smelting  of  a  mixture  of  chromic 
oxide  and  carbon  in  an  apparatus  of  this  description.  The 
resulting  metal  must  therefore  be  refined.  Moissan  has  ingen- 
iously solved  this  problem  by  adapting  to  it  the  principles  of  the 
basic  open-hearth  steel  process.  By  heating  lime  with  chromic 
oxide  he  obtains  a  basic  substance  which  serves  for  the  oxidation 
as  well  as  the  fluxing  of  the  impurities.  If  the  hearth  of  an 
electric  furnace  be  lined  with  this  calcium  chromite  mixture  the 
carbon  and  silicon  present  in  the  metal  that  is  heated  upon  it 
will  be  oxidised  and  removed  by  the  chromic  oxide,  in  the  same 
way  that  they  are  eliminated  from  iron  by  means  of  oxide  of 
iron  in  the  open  hearth  process. 

Details  as  to  the  cost  of  this  process  have  not  yet  been  pub- 
lished. It  is  scarcely  to  be  doubted  that  the  method  is  capable  of 
application  on  a  large  scale ;  but  the  author  would  recommend 
that  the  crude  carburised  chromium  should  be  obtained  in  pulver- 
ulent form  by  reduction  in  crucibles  or  in  the  electric  resistance 
furnace,  in  order  to  save  the  expense  effusion  in  the  first  instance. 

The  Precipitation  Process. — The  separation  of  chromium 
from  its  fused  salts  by  means  of  zinc,  and  especially  from 
chromium  chloride  or  the  double  chloride  of  chromium,  and  an 
alkali  metal  was  first  effected  by  Wohler.*  .  The  yield  is  very 
small,  but  the  metal  is  of  great  purity.  The  alkali  metals  have 
also  been  used  for  the  decomposition  of  chloride  of  chromium,  f 

ELECTROLYSIS   OF   CHBOMIIJM   COMPOUNDS. 

Electrolysis  of  Dissoly ed  or  Fused  Chromium  Compounds 
with  Insoluble  Anodes. — If  any  one  work  deserve  to  be  fore- 
most in  the  field  of  electro-metallurgy,  it  is  that  of  Bunsen  on 
the  production  of  chromium  by  electrolysis.  J  It  merits  especial 
recognition  not  only  on  account  of  the  observation  itself,  and  of 
the  arrangements  devised  for  the  experiment,  but  because  at  the 
time  at  which  it  was  accomplished,  electrical  energy,  measuring 
instruments,  .and  other  requirements  were  not  nearly  so  readily 
available  as  they  are  now.  It  should  be  pointed  out  to  modem 
experimenters,  to  whom  time  or  opportunity  has  failed  for  the 
study  of  the  classics  of  electro-chemistry,  that,  more  than  forty 
years  ago,  Bunsen  showed  the  result  of  electrolysis  to  be  dependent 
in  many  instances  on  the  density  of  the  current.  His  account  of 
his  observations  ran  as  follows  : — 

*  Liebig'a  AnncUen  der  ChemU  und  Pharmanef  vol.  cxi.,  p.  230. 
t  Feligot  in  the  Ann,  der  Chtm.  und  Pharm,,  voL  lii.,  p.  244. 
X  Pogg.  Ann,^  1854,  vol.  xci.,  p.  619. 
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Bnnsen's  Experiments. — "The  density  of  the  current  (that  is 
to  say,  the  relation  of  the  strength  of  the  current  to  the  area  of 
the  electrode  at  which  electrolysis  is  taking  place)  exerts  the 
most  important  influence  on  the  resulting  chemical  reactions. 
Thus,  for  example,  if  a  current  of  unvarying  strength  be  passed 
through  a  solution  of  chloride  of  chromium  in  water,  it  depends 
upon  the  surface  area  of  the  electrode  at  which  reduction  is 
effected,  whether  hydrogen,  chromic  or  chromous  oxide,  or 
metallic  chromium  shall  be  obtained. 

*'  Not  less  important  is  the  relative  mass  of  the  constituents 
of  the  electrolyte  through  which  the  current  is  passed.  Thus, 
if  with  a  constant  current  density  the  proportion  of  chloride  of 
chromium  in  the  solution  be  gradually  increased,  a  point  will 
soon  be  reached  at  which  the  separation  of  chromous  oxide  will 
be  accompanied,  and  this  will  presently  be  succeeded,  by  a  reduc- 
tion of  the  metal. 

''As  unit  of  current  density,  I  adopt  that  of  a  current  of 
which  the  absolute  intensity  is  1  on  the  surface  of  1  sq.  mm. 
The  density,  D,  will  then  depend  upon  the  absolute  intensity,  I, 
and  the  area,  O,  of  the  polar  surface  measured  in  sq.  mm.,  thus 

(1)  D  =  p^ ;  I  is  found  with  the  aid  of  the  tangent  galvanometer 

RT 
from  formula  (2)  I  =  -^  tan  f,  in  which  R  is  the  radius  of  the 

galvanometer  ring  in  mm.,  (p  is  the  angle  through  which  the 
galvanometer  needle  is  deflected,  and  T  is  the  horizontal  com- 
ponent of  the  earth's  magnetism  (Gauss'  measurement).  In  this 
formula,  T  requires  a  special  adjustment  according  to  time  and 
place.  This  is  most  simply  and  accurately  determined  by  the 
electrolysis  of  water,  basing  the  calculation  upon  the  known 
electro- chemical  equivalent  of  water.  If  the  quantity  of  water 
decomposed  by  the  current,  I,  in  t  seconds  be  termed  A,  and 
the  known  electro-chemical  equivalent,  or  the  weight  of  water 
decomposed  by  an  unit  of  current  (in  Gauss'  measure),  be  called 

a,  then  according  to  Faraday's  law  (3)  I  =  — ;•     Now,  by  com- 

bining  this  with  equation  (2),  it  will  be  seen  that 

«  2flrA 


aiR  tan  f 


"  In  order  to  obtain  the  highest  current  density  to  overcome 
powerful  (chemical)  affinities,  I  use  a  decomposing  cell,  of  which 
one  pole  is  formed  by  the  inner  surface  of  a  carbon  crucible,  that 
stands  within  a  porcelain  crucible,  and  is  filled  with  hydrochloric 
acid,  and  kept  hot  by  means  of  a  water  bath.  A  small  clay  cell 
stands  within  this,  and  contains  the  solution  to  be  decomposed 
and  a  small  platinum  strip,  which  forms  the  other  pole;  the 
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current  flowing  radially  from  the  walls  of  the  crucible  is  con- 
centrated to  a  great  deasity  upon  the  surface  of  this  platinum 
pole.  In  this  miniature  arrangement,  chromium,  manganese, 
and  many  other  metals  may  be  reduced  from  their  diilorides  with 
the  greatest  facility. 

'*  The  density  of  the  current  in  one  of  these  experiments  is 
determined  from  the  following  elements : — 

R  =  201  mm. ;  T  =  1-870;  p  =  42^5';  O  =  811  sq.  mm. 

.-.  D-^tanf  =  0067. 
2flrO 

"The  reduction  of  the  metal,  therefore,  followed  from  the 
•electrolysis  of  the  concentrated  solution  of  the  sub-chloride 
heated  to  the  boiling  temperature,  while  every  sq.  mm.  of  sur- 
face of  the  reducing  pole  received  a  current  of  the  absolute 
intensity  of  0*067  units. 

"  If  the  current  density  be  gradually  reduced,  a  point  is  soon 
reached  at  which  the  reduction  of  metal  no  longer  occurs,  but  is 
replaced  by  a  plentiful  deposition  of  chromo  chromic-oxide. 
This  compound  can  only  be  thus  produced  in  large  quantity, 
■and  may  be  obtained  pure  by  prolonged  boiling  with  aqua  regia." 

The  author  has  frequently  repeated  this  experiment  and,  for 
the  purpose  of  obtaining  larger  quantities  of  metal,  has  altered 
the  conditions  of  the  experiment  within  certain  limits,  but  has 
always  obtained  satisfactory  results  by  working  within  the 
limits  of  current  density  named,  and  by  using  a  high  degree  of 
concentration  in  the  cathode  cell.  According  to  modern  units 
of  measurement,  the  current  density  should  be  about  700 
Amperes  per  sq.  metre  [0*45  amp.  per  sq.  in.]  of  cathode  surface. 
The  following  is  an  account  of  the  author's  experiments : — 

Borohers'  Experiments.  —  A  capacious  stoneware  vat  is 
filled  with  a  solution  of  sulphurous  acid  or  of  sodium  bisulphite, 
and  in  this  solution  is  placed  a  large  carbon  plate.  InsteiEid  of 
the  clay  cell  filled  with  solution  of  chloride  of  chromium,  a  linen 
bag  is  employed,  charged  with  a  thick  paste  of  chloride  or 
fluoride  of  chromium  crystals,  mixed  with  hydrochloric  acid, 
•and  containing  a  platinum  plate.  It  would  seem  that  in  pro- 
portion as  the  paste  is  thicker  and  more  sluggish,  the  more 
readily  a  current  of  700  to  800  amperes  per  sq.  metre  [0*45  to 
•0*52  amp.  per  sq.  in.]  affords  the  metal,  which  is  deposited  in 
the  crystalline  state  upon  the  cathode.  The  E.M.F.  required  in 
this  case  is  about  8  to  10  volts.  The  process  is,  therefore,  not 
likely  to  be  applied  on  a  technical  scale.  But  apart  from  the 
liigh  E.M.F.  necessary  for  the  decomposition,  other  objections 
to  the  process  are  found  in  the  rapid  heating  of  the  solution  and 
the  evolution  of  large  quantities  of  acid  vapour. 

The  Plaoet-Bonnet  Frooess. — For  the  sake  of  completeness 


CHROMIUM.  367 

reference  must  be  made  to  the  process  of  Placet  and  Bonnet, 
which  has  been  patented  in  most  countries,  and  by  which 
several  ingots  of  chromium  shown  in  the  American  Exhibition 
were  said  to  have  been  made.  According  to  one  of  the  patent 
specifications,*  the  electrolyte  is  prepared  by  warming  a  mixture 
of  100  parts  by  weight  of  water,  with  100  of  chrome  alum,  and 
10  to  15  potassium  bisulphate.  The  electric  current  (details  as 
to  the  strength,  pressure,  and  density  of  which  are  not  given)  at 
once  deposits  chromium  upon  the  cathode.  The  original  strength 
of  the  solution  is  maintained  by  the  addition  either  of  chrome 
alum  alone,  or  of  a  strong  solution  of  chrome  alum  and  alkaline 
bisulphate.  An  overflow  tube  attached  to  the  electrolysis  tank 
serves  to  keep  the  level  of  the  solution  at  a  constant  height.  If 
chrome  alum  alone  be  added  to  the  bath,  a  time  will  arrive  at 
which  all  the  water  of  the  solution,  together  with  the  salts  that 
are  dissolved  in  it,  will  have  passed  away  through  the  overflow 
pipe.  The  electrolyte  now  consists  of  salts  which  can  be 
liquefied  either  by  water  or  by  heat.  Water  is  no  longer 
necessary,  and  the  mass  of  salt  is  consequently  heated  to  its 
fusing  point.  Potassium  chlorate  and  boric  acid,  benzoic  acid, 
or  "  analogous  salt,"  are  now  to  be  added  to  the  fluid  mass  at 
intervals.  As  a  substitute  for  potassium  bisulphate,  there  may 
be  used  as  a  flux  either  the  sulphate  or  the  bisulphate  of  soda 
or  ammonia,  the  phosphate,  borate,  chlorate,  silicate,  chloride, 
fluoride,  <fec.,  of  the  alkalies  or  alkaline  earths,  or  mixtures  of 
these  salts ;  and  in  lieu  of  chrome  alum  any  other  easily  fusible 
chromium  salt  may  be  employed.  Since  a  very  high  tempera- 
ture is  necessary  for  the  fusion  of  chromium,  an  electric  current 
is  "  ordinarily "  used  for  the  purpose.  The  electrodes  may  be 
compressed  mixtures  of  carbon  and  chromium  oxide  or  salts, 
with  reducing  and  fluxing  agents,  or  they  may  be  composed  of 
metals  such  as  copper,  aluminium,  zinc,  nickel,  silver,  &c.,  or  of 
oxides  of  these  metals  {B.g.f  alumina  electrodes  !).  In  the  latter 
case  chromium  alloys  are  obtained.  The  inventor  recommends 
also  that  neutral  or  reducing  gases,  or  metallic  powders  (such  as 
zinc  or  aluminium)  be  blown  through  hollow  electrodes  during 
electrolysis.  Any  serious  criticism  of  the  above  is  obviously 
superfluous. 

The  electrolysis  of  the  oxide  dissolved  in  fused  metallic  salts, 
which  was  proved  to  be  a  valuable  method  in  the  case  of 
aluminium,  is  hardly  applicable  to  chromium  on  account  of  the 
very  infusible  character  of  the  metal.  But  if  it  be  desired 
solely  to  produce  a  chromium  free  from  carbon,  for  the  purpose 
of  alloying  it  subsequently  with  other  metals,  either  the  fused 
chloride  may  be  electrolysed  or  other  chromium  compounds, 
that  are  soluble  in  the  salts,  referred  to  in  the  Chapter  on 
Aluminium.  An  easily  fusible  aUoy  of  chromium  and 
*  English  Patent  67fil«  1893 ;  U.S.A.  Patent  626,114. 
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cUuminium  may  thus  be  obtained  in  the  apparatus  shown  in 
Fig.  86,  and  described  on  p.  157.  The  process  is  conducted 
exactly  as  in  the  reduction  of  aluminium,  and  when  electrolysis 
has  been  started  the  apparatus  is  charged  with  a  mixture  of 
alumina  and  chromium  oxide,  or  fluoride,  &c^  Since  the  fus- 
ing points  of  the  whole  series  of  aluminium-chromium  alloys 
have  not  yet  been  determined,  it  is  impossible  to  name  the 
limit  of  chromium  which  may  thus  be  alloyed  with  aluminium. 

Electrolysis  of  Fused  Salts  with  Crude  Chromium 
or  Ferro-Chrome  Anodes. — Chromium  Refining. — The  only 
instance  of  this  method  of  obtaining  chromium  is  that  described 
in  a  patent  specification*  of  the  firm  of  Frederic  Krupp,  of 
Essen.  The  sole  intention  is  to  produce  chromium  free  £rom 
carbon ;  and  no  attempt  is  made  to  prevent  the  production  of  a 
metal  containing  iron,  or  of  a  ferro-chrome.  For  this  purpose 
the  double  chlorides  of  the  metals  named  above,  with  the  haloid 
salts  of  the  former  metals,  are  electrolysed  with  anodes  of 
ordinary  carburised  ferro-chromium.  The  metal  deposited  on 
the  cathode  is  entirely  free  from  carbon.  It  would  appear  from 
the  specification  that  the  process  is  not  so  simple  as  would 
seem  at  first  sight,  for  diaphragms  have  to  be  used  to  separate 
the  anode  and  cathode  compartments.  No  process,  however, 
in  which  it  is  necessary  to  use  clay  cells  in  the  electrolysis 
of  fused  salts,  can  have  much  prospect  of  being  adopted  on 
a  large  scale. 

The  Application  of  Chromium  is  restricted  almost  entirely 
to  the  iron  industry,  in  which  the  metal  is  employed  in  the  pure 
state  or  in  the  form  of  ferro-chrome,  for  the  production  of  chrome 
steel. 

MOIiYBDENIJM. 

Properties  and  Occurrence  of  the  Metal. — Molybdenum 
(Mo ;  atomic  weight  =  96 ;  specific  gravity  =  8)  is  a  white, 
extremely  lustrous,  and  very  hard  metal,  which  it  has  hitherto 
been  exceedingly  diifficult  to  obtain  pure  in  the  fused  condition. 
Its  melting  point  apparently  approximates  that  of  chromium, 
and  should  therefore  lie  between  1800*  and  2000"  0.  The  alloys 
of  molybdenum  have  not  yet  been  studied,  but  in  respect  of 
solubility  in  other  metals  it  appears  to  resemble  chromium. 

In  the  air  it  begins  to  oxidise  at  high  temperatures.  Acids 
scarcely  affect  molybdenum,  with  the  exception  of  nitric  acid 
which  converts  it  into  oxide  or  molybdic  acid.  Of  the  numerous 
oxygen  compounds  the  trioxide,  MoOg,  the  so-called  molybdic  acid, 
is  the  most  important,  and  the  most  readily  produced  ;  it  is  acid 
in  character.  The  sulphides  readily  form  thio-salts  with  alkaline 
sulphides.     All  the  oxides  possess  characteristic  colours. 

*  German  Patent  81,225. 
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Amoi^  the  compounds  chiefly  found  in  nature,  the  sulphide, 
MoS.  ^Molybdenite),  and  the  molybdate  of  lead,  PbMoO^ 
(Wuliemte),  alone  are  used  for  the  production  of  molybdenum 
and  its  compounds. 

The  Production  of  Molybdenum  is  always  effected  by 
reduction.  Wdhler  and  von  Uslar  succeeded  forty  years  ago  in 
reducing  the  triozide  by  heating  it  in  a  current  of  hydrogen. 
The  oxide  may  also  be  reduced  by  electrically  heated  carbon, 
and  the  metal  is  thus  rapidly  and  easily  obtained  in  the  molten 
condition,  but  it  always  contains  carbon.  The  apparatus  and 
the  method  of  using  it  are  the  same  as  for  chromium  and  its 
alloys. 

Molybdenum  steel  has  been  made,  but  the  material  has  not 
yet  found  any  special  application. 


TTTNGSTEN. 

Proi>ertie8  of  the  Metal. — Tungsten  (W ;  atomic  weight  = 
184;  specific  gravity  =  19)  forms  a  grey  crystalline  powder,  or 
after  fusion,  an  almost  white,  very  lustrous  and  hard  metal.  Its 
fusing  point  cannot  be  quite  as  high  as  those  of  molybdenum 
and  chromium,  although  it .  is  commonly  reported  to  be  so,  for 
the  author  has  succeeded  in  fritting  the  powdered  metal  together 
in  a  regenerative  gas  furnace,  at  a  temperature  sufficiently  high 
to  cause  the  softening  and  collapse  of  the  best  Hessian  crucibles, 
while  powdered  chromium  and  molybdenum  introduced  at  the 
same  time  remained  quite  dry  and  unfused.  The  only  alloys  of 
tungsten  that  have  been  studied  are  those  with  iron ;  these  have 
found  special  applications  in  the  steel  industry.  Tungsten  only 
begins  to  oxidise  at  elevated  temperatures  when  heated  in  the  air. 
Of  the  two  simpler  oxides,  WOj  and  WO3,  the  latter  (the  tri- 
oxide  or  tungstic  acid)  is  most  easily  formed ;  it  is  acid  in 
character.  The  trisulphide,  WS3,  also  functions  as  an  acid 
readily  forming  thio-salts  with  other  sulphides,  those  of  the 
alkaline  sulphides  being  soluble  in  water.  Among  the  naturally 
occurring  compounds  of  tungsten  are — tungstic  ochre,  WO,; 
scheelite,  OaWO^;  and  wolfhun,  FeW04.  The  latter  mineral 
frequently  accompanies  tinstone,  a  fact  that  was  mentioned  in 
the  Chapter  on  Tin. 

The  Extraotion  of  Tungsten  is  accomplished  almost 
exclusively  by  simple  reduction.  The  production  of  iron 
tungsten  alloys  is  the  simplest  case,  for  then  the  ore  (wolfram) 
may  be  employed  directly,  and  may  be  simply  fused,  with 
carbon,  glass,  and  the  necessary  scrap-iron,  in  plumbago  pots, 
heated  in  a  regenerative  gas  furnace.  Pure  metal  can  only  be 
obtained  from  .the  pure  trioxide.  Tungstate  of  soda  (Na^WO^), 
is  first  formed  by  cadcining  the  ores  (or  tin  slags)  with  soda;  this 

24 
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salt  is  then  dissolved  in  water  and  purified  from  insoluble 
substances  bj  filtration,  and  from  soluble  impurities  by  re-crys- 
tallisation. The  tungstate  is  decomposed  by  hot  hydrochloric 
acid,  which  causes  the  separation  of  a  heavy  yellow  precipitate 
of  tungsten  trioxide.  This  is  washed,  dried,  mixed  with  wood 
•charcoal  and  a  little  rosin,  placed  in  a  clay  crucible,  and  then 
reduced  at  the  temperature  of  the  ordinary  wind  furnace.  In 
this  way  a  grey  metallic  powder  is  obtained,  which  will  be  found 
sintered  togetner,  if  a  regenerative  gas  furnace  be  used.  By 
•electrical  heating  (either  by  a  resistance  or  by  the  arc)  the 
tungsten  may  be  readily  brought  to  fusion. 

The  electrolysis  of  aqueous  solutions  of  the  thio-salts  of 
tungsten  has  not  given  satisfactory  results  in  the  author's 
hands.  The  possibility  of  electrolysing  tungsten  compounds 
•dissolved  in  fused  salts  is  practically  excluded  by  the  high 
fusing  point  of  the  metal,  unless  aluminium,  or  some  other 
metal  which  forms  readily  fusible  alloys  with  tungsten,  be 
present.  The  explanation  of  this  latter  method  has  already 
been  given  in  the  Chapter  on  Chromium, 

Tungsten  and  its  alloys  are  used  almost  exclusively  in  the 
steel  industry. 

ITBAnriXJM. 

Proi>ertie8  of  the  Metal. — Uranium  (U;  atomic  weight  =s  240; 
specific  gravity  =  18*6),  like  the  members  of  the  chromium  group 
already  described,  is  a  white,  lustrous,  and  hard  metal  of  high 
fusing  point  (not  yet  accurately  determined).  It  oxidises  in  the 
.air  only  at  relatively  high  temperatures.  Hydrochloric,  warm 
dilute  sulphuric  acid,  and  nitric  acid  are  solvents  for  uranium, 
but  the  last  named  is  only  available  for  the  treatment  of  pulver- 
ulent metal.  Some  of  the  oxygen  compounds  are  employed  as 
pigments,  the  simpler  oxides  are  TJO^  and  UO3,  of  which  the 
latter  is  found  both  as  base  and  as  acid.  The  only  noteworthy 
ore  is  Pitchblende  (Uraninitd)  which  is  a  urano-uranic  oxide 
U.Og  (  =  UO, .  2U6,). 

More  than  40  years  ago  Peligot*  proposed  the  decomposition 
of  the  chloride  by  alkali  metals.  According  to  the  majority  of 
•chemical  text-books,  the  oxide  cannot  be  reduced  by  carbon. 
The  author  has,  however,  succeeded  in  reducing  this  oxide,  in 
•common  with  many  others  that  were  considered  to  be  non- 
reducible, by  electrically  heated  carbon.  This  observation  was 
noted  in  the  previous  edition  of  this  book  (in  1891),  and  since 
then  it  has  been  confirmed  by  Moissan.t  The  arrangements 
for  the  reduction  process  have  already  been  described  several 
times  in  this  work. 

*  Annalen  der  Cheitue  und  Pharmo/cU,  voL  xovii.,  p.  266. 
t  Comptes  Bendus,  1893. 


-J 


XANOANBSE.  371 

The  metal  is  of  no  technical  importance.  It,  however,  affords 
an  additional  proof  of  the  law  laid  down  by  the  author  that  there 
^  no  metal  ineapahle  of  being  reduced  by  carbon. 

MANGANESE. 

PropertieB  of  the  Motal. — Manganese  (Mn;   atomic  weight 
«  55  ;  specific  gravity  a  7  to  8)  is  a  white,  lustrous  metal  with 
-a  slightly  reddish  tint     It  is  very  hard  and  brittle,  and  melts 
between  1200*  and  1500"  0.,  but  its  exact  fusing  point  has  not 
jet  been  determined.     Of  its  alloys  the  best  known  are  those 
with  iron-^/erro-manganese  and  spiegelsUen — and  with  copper — 
manganese  bronze.     It  is  capable  of  alloying  also  with  chromium, 
4iluminium,  tin,  mercury,  silver,  and  the  other  noble  metals. 
Chemically,  manganese  is  a  very  active  element.     It  oxidises 
readily  in  the  air*  at  ordinary  temperatures,  and  should,  there- 
fore, be  kept  under  paraffia  oil.     It  readily  combines  with  the 
halogens,  as  with  sulphur,  phosphorus,  carbon,  silicon,  and  boron. 
Water  also  is  readily  decomposed  by  manganese  at  ordinary 
temperatures.     It  dissolves  readily  in  all  inorganic,  and  in  many 
organic,  acids,  usually  with  evolution  of  hydrogen,  and  always 
with  the  formation  of  manganous  salts.     Alkaline  hydroxides, 
especially  when  oxidising  agents  are  present,  dissolve  manganese, 
forming  manganites,  mauganates,  and  permanganates.     Among 
the  oxygen  compounds  the  manganous  oxide,  MnO;  manganic 
•oxide,  MujOj;  and  mangano-manganic  oxide,  MugO^,  are  basic  in 
character,   yielding  manganous  or  manganic  salts,    in   which 
manganese  is  present  in  the  form  of  base.     The  binoxide,  MnO^ 
4ihe  so-called  manganic  acid,  MnOj  (not  known  in  the  uncom- 
bined  state),  and  the  heptoxide,  known  also  as  permanganic 
acid,  VLxi.-P^,  function  as  acids.    They  unite  with  bases  to  form  a 
series  of  salts,  many  of  which  are  of  considerable  value  in  the 
arts.      The  binoxide  forms   manganites  (0.^.,   OaMnOg),  man- 
ganic acid  gives  manganates  {e.g.,  KjlVInO^),  and  the  heptoxide 
jields  permanganates  (0.^.,  K&fnO^). 

Ooourrenoe  in  Nature. — Minganese  occurs  chiefly  in  the 
form  of  oxides,  of  which  the  binoxide  or  pyrolasite,  MnO^,  is  the 
m>st  important,  the  oxide,  Mn^Oj,  is  found  in  braunite,  the  man- 
gano-manganic oxide,  MujO^,  in  Hausmannlte,  the  hydroxide, 
Mn20^(0  fcl),,  in  manganite ;  a  sulphide  in  Hauerite,  MaS^;  salts  in 
dialogite  (rtiolochrosite),  Mn003,  rhodonite  (manganese  silicate), 
4tnd  in  psiiomalane,  which  is  a  complex  manganite  containing 
manganese  oxide,  baryta,  and  potash  with  manganic  binoxide. 

*  [It  h%s  reoeatly  been  showa  that  f ased  manganese,  when  pure,  is  far 
less  oxidisable  in  the  air  than  is  generally  supposed.  The  carbarised 
manganese  is  most  readily  attacked,  and  it  gives  rise  to  disintegration, 
owins^  to  the  matnal  decomposition  of  the  moistore  of  the  air  and  the 
oarbide.  — Tba  nslatob.  ] 
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The  choice  of  an  ore  for  smelting  purposes  depends  upon  whether 
it  is  intended  to  produce  metallic  manganese  or  a  manganese 
alloy.  Usually  the  alloy  is  required,  because  manganese  [as 
prepared]  is  not  sufficiently  permanent  in  the  air,  and  has  not 
sufficient  applications  in  the  arts  to  warrant  the  erection  of  a 
plant  specially  for  its  manufacture.  For  the  preparation  of 
spiegeleisen  and  ferro-manganese,  manganiferous  iron  ores  and 
mixtures  of  iron  and  manganese  ores  may  be  used. 

Beduetion  of  Manganese. — The  extraction  of  manganese  is 
effected  solely  by  reduction.  For  gpiegdeisen  axid/erro-manganese 
manganiferous  iron  ores  (spathic  ores  after  calcination)  or  man- 
ganese oxide  ores,  mixed  with  easily  reducible  iron  ores,  are 
smelted  with  the  necessary  fluxes  in  blast-furnaces  (almost  ex- 
clusively so  now),  or  in  crucibles,  the  fluxes  being  so  proportioned 
that  a  manganiferous  basic  slag — which  must,  at  the  highest,  be 
a  mono-silicate — shall  be  produced.  When  the  metal  contains 
from  5  to  20  per  cent,  of  manganese  it  is  termed  a  spiegeleisen; 
with  more  manganese,  which  may  range  up  to  85  per  cent,  in  the 
product  of  the  blast  furnace,  it  is  known  as  ferro-manganese. 
These  alloys,  in  addition  to  varying  percentages  of  silicon,  always 
contain  from  4  to  7  5  per  cent  of  carbon. 

Manganese  (unalloyed  with  iron)  may  be  prepared  by  smelting 
an  intimate  mixture  of  carbon  with  the  pure  oxide,  which  is 
readily  obtained  commercially.  In  this  case  the  mixture  must 
either  be  packed  in  crucibles  placed  in  regenerative  or  wind 
furnaces,  or  in  electric  furnaces  heated  by  a  carbon  resistance.* 
This  process  must  of  necessity  yield  a  metal  containing  carbon 
and  silicon,  for  manganese  exerts  a  powerful  solvent  effect  upon 
carbon. 

The  Precipitation  Process. — Manganese  may  be  produced 
by  the  action  of  the  alkali  metals  upon  its  haloid  salts.!  But 
for  technical  purposes  this  method  is  of  no  importance. 

EIiECTBOLYSia 

The  Electrolysis  of  Dissolyed  or  of  Fused  Manganese 
Compounds  with  Insoluble  Anodes. — In  the  Chapter  on 
Chromium  an  account  was  given  of  the  work  of  Bunsen  in  1854, 
and  of  his  opinion  that,  given  a  high  current  density,  manganese 
and  other  metals,  as  well  as  chromium,  could  be  separated  from 
the  aqueous  solution  of  the  chloride.  The  author  is  able  to 
confirm  what  was  written  in  that  chapter,  but  must  add  that  it 
is  so  exceedingly  difficult  to  free  the  deposited  metal  from  the 
solution  adhering  to  it  that  the  manganese  can  be  kept  only 
for  a  short  time  unattacked.  The  process,  therefore,  is  not 
technically  applicable. 

*  Cf,  pp.  88  and  110-114.  \PoQg.  Ann.,  1857,  voL  cL,  p.  264. 

t  Camples  Bendus,  voL  zliv.,  p.  632.    §  Pogg,  Ann,,  1864,  vol.  xct,  619. 
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In  order  to  obtua  pan  nutnguieBe  it  wonld  be  posaiUe  to 
proce«d  exutly  u  in  the  case  of  alumininm,  for  the  melting 
point  of  the  metal  would  permit  of  the  application  both  of  this 
method  and  of  the  apparatna  already  described  under  Alumi- 
nium, and  here  again  illuntrated  (Fig.  176).  In  this  caae  a 
mixture  of  fluorides  and  other  non-volatile  salta,  with  manganeae 
oxide,  would  be  maintained  in  a  state  of  fusion  by  a  current  of 


Fig.  176. — Borchen'  electric  furnace. 

high  density,  and  would,  at  the  same  time,  be  submitted  to 
electrolysis.  The  operation  would  be  conducted  exactly  as  in 
the  reduction  of  aluminium,  only  at  a  higher  temperature  ;  and 
it  is  conceivable  that  a  steady  production  of  fused  mangoueM 
might  be  maintained  after  this  manner.  In  any  case,  aluminium 
alloys  might  readily  be  so  produced,  and  these  would,  under 
some  circumstances,  serve  the  purposes  to  whidi  the  pure  met«l 
waa  to  be  applied. 
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Electrolysis  of  Fused  Manganese  Ck>mpoimds  with. 
Soluble  Anodes. — In  a  process  proposed  by  Yoltmer  baloidr 
lalte  of  manganese  are  to  be  electrolysed  in  tbe  fused  state 
with  anodes  of  manganese  oxide  and  carbon,  unless  it  were  pre- 
ferred to  add  tbe  manganese  oxide  direct  to  the  fusion  during 
electrolysis.  Anodes  of  oxides  and  carbon  have  never  been 
success&l  since  their  use  was  proposed  by  Deville ;  the  cause  o^ 
the  failure  was  explained  at  length  under  Aluminium,  The 
operation  is  so  conducted,  according  to  the  specification,  that- 
the  manganese  separates  as  a  crystalline  powder,  which  is  then 
to  be  pressed  and  washed  to  separate  the  electrolyte  still 
clinging  to  it.  But  owing  to  the  oxidisability  of  the  manganese*, 
this  last  operation  would  give  rise  to  great  difficulties,  even  if  it 
could  be  accomplished  satisfactorily. 

The  process  of  Fried r.  Krupp,  of  Essen,  by  which  ferro- 
manganese  is  to  be  used  as'  the  anode  in  a  bath  of  fused 
manganese  salts,  has  already  been  described  in  the  Chapter  on 
Chramiufn. 

Applications  of  Manganese. — Manganese  is  principally 
used  in  the  iron  industry  in  the  form  of  spiegeleisen  and 
ferro-manganese  for  the  desulphurisation  of  pig-iron,  and  for  the 
recarburisation  of  steel. 


CHAPTER  XI. 

IRON. 


The  Properties  of  the  MetaL — ^The  metal  known  in  everyday 
life  as  iron  is  never  pure  iron,  but  always  consists  of  an  alloy  in 
which  this  metal  is  the  principal  constituent,  but  which  also 
contains  the  following  substances  in  varying  proportions: — 
Carbon  and  carbides  of  iron,  silicon  and  silicides  of  iron,  oxide, 
phosphide,  and  sulphide  of  iron,  manganese,  chromium,  tungsten^ 
nickel,  copper,  i&c. 

Chemically  pure  iron  has  an  atomic  weight  of  56  and  a 
specific  gravity  of  7*86 ;  it  possesses  a  greyish-white  colour,  and 
shows  a  high  lustre  on  polished  surfaces.  At  ordinary  tempera* 
tures  it  is  magnetisable.  Its  melting  point  is  about  1600*  C.,. 
and  it  is  capable  of  alloying  with  most  metals,  even  if  its  solubility 
in  some  cases  be  somewhat  limited.  It  remains  for  a  long  time 
unaltered  in  dry  air,  but,  when  the  latter  is  moist,  it  oxidises 
rapidly  even  in  the  cold.  At  high  temperatures  it  is  oxidised 
even  by  dry  air,  as  well  as  by  oxygen,  and  by  steam,  the  latter 
being  decomposed  by  the  metal.  Most  of  the  metalloids  combine 
more  or  less  readily  with  iron,  some — the  halogens — at  ordinary 
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temperatures.  It  is  easily  soluble  in  most  dilute  mineral  acids, 
and  with  difficulty  in  strong  acids,  but  remains  almost  insoluble 
(passive)  in  strong  nitric  acid,  in  consequence  of  the  formation 
of  a  superficial  coating  of  oxide.  The  more  important  com- 
pounds of  iron  are  derived  from  the  protoxide  (ferrous  oxide), 
PeO,  and  the  peroxide  (ferric  oxide),  Fefi^;  a  third  oxide, 
FogO^,  is  in  itself  of  considerable  importance,  but  when  treated 
with  acids  it  yields  only  ferrous  and  ferric  compounds.  Another 
oxide,  FeOg,  is  not  met  with  in  the  free  state,  but,  acting  as  an 
acid,  it  is  known  as  ferric  acid,  and  combines  with  bases  to  form 
ferrates,  which,  however,  are  readily  decomposed. 

The  melting  point,  hardness,  structure,  and  other  physical 
properties  are  mainly  affected  (but  the  chemical  properties  only 
in  a  small  degree)  by  the  presence  of  tl^e  constituents  named 
above  as  being  present  in  commercial  samples  of  iron.  This  is 
not  the  place  to  describe  the  influence  of  each  foreign  element 
upon  the  metal ;  but  the  following  short  account  of  the  com- 
mercial varieties  of  iron  will  suffice  to  show  that  carbon  plays  a 
most  important  part  in  the  metallurgy  of  this  metal : — 

1.  Pig-iron  and  Cast-iron. — With  at  least  2*3  per  cent 
of  carbon  5  melting  point  between  1075*"  and  1275*'  C. ;  non- 
malleable. 

(a)  White  Iran. — Cast  iron  solidified  without  any  separation 
of  carbon ;  silver-white,  lustrous,  brittle,  very  hard,  forming  the 
raw  material  from  which  malleable  iron  may  be  made. 

(b)  Grey  Ir<my  or  cast  iron,  from  which  some  of  the  dissolved 
carbon  has  separated  in  the  form  of  graphite  on  solidification ; 
it  has  a  crystalline  structure,  and  a  grey  or  black  fracture,  the 
colour  being  due  to  the  graphite  plates  lying  between  the 
crystals  \  it  is  the  principal  raw  material  of  the  foundry,  and  is 
also  a  source  of  malleable  iron. 

2.  Malleable  Iron  and  Steel. — With  at  most  1*6  per  cent,  of 
carbon ;  the  fusing  point  lies  between  1400*  and  1700"  C. ;  the 
metal  is  malleable. 

(a)  Steel. — A  malleable  material  which  is  capable  of  being 
hardened  almost  to  brittleness  by  heating  it  to  a  red  heat  and 
then  suddenly  cooling  it.     It  melts  between  1400**  and  1600^  0. 

(5)  MalieabU  Iran. — A  malleable  metal  scarcely  capable  of 
being  hardened  by  quenching,  and  melting  between  1600*  and 
1700*  C. 

As  will  be  seen  in  the  short  sketch  given  below,  in  some 
methods  of  manufacture  the  malleable  iron  never  becomes 
perfectly  fluid  ;  but  it  crystallises  out  of  the  impure  (but  easily 
fus^d)  melted  cast  iron,  so  that  for  the  formation  of  a  solid  mass 
the  pure  iron  cryetale  thai  have  separated  must  he  tvelded  together 
under  the  hammer.  Malleable  iron  produced  in  this  manner  is 
known  as  wrought  iron  or  wdd  iron ;  and  steel  similarly  made 
is  sometimes  termed  toeid  steel.    In  other  processes  the  iron 
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remains  fluid  throughout  the  period  of  refining,  and  the  finished 
'material  is  occasionally  classified  as  ingot  iron  or  ingot  steeL  In 
a  third  type  of  process  cast  iron  articles  are  converted  into 
malleable  iron  without  change  of  form  by  a  process  of  annealing 
in  oxide  of  iron ;  and  the  product  is  known  as  malleaJble  cast  iron 
[or  often  in  the  trade  merely  as  "  malleable  iron "].  Wrought 
iron  that  has  been  carburised  without  alteration  of  shape  is 
called  cemenJt  steel, 

Ooourrenoe  of  Iron  in  Nature. — Native  iron^  as  an  original 
constituent  of  the  earth,  is  but  rarely  found ;  but  large  masses 
(up  to  25  tons  in  weight)  of  meteoric  iron  that  have  fallen  from 
extra-terrestrial  sources  are  sometimes  met  with.  Oxides  of 
iron  are  found  in  the  following  ores: — Iron  glance  and  red 
hsBmatite,  Fe-Og;  magnetite  or  magneticiron  ore,  FegO.;  limonite, 
brown  hsBmatite,  mmette,  FesOs(OH)s  to  FeO^OH)^.  Of  sulphides, 
the  principal  is  iron  pyrites,  FeS,,  which  is  employed  for  the 
manufacture  of  sulphuric  acid ;  after  roasting,  the  calcined 
product  (purple  ore)  is  occasionally,  but  very  rarely,  smelted  in 
blast  furnaces.  The  chief  salts  employed  in  the  iron  industry 
are  spathic  iron  ore,  FeOOg,  and  Yivianite,  Fe^(FO^)^  The  above 
ores  may  contain  silica  and  silicates,  calcium  carbonate, 
manganese  oxide  and  carbonate,  oxide  of  chromium,  alumina, 
&C.,  which  must  be  taken  into  account  in  the  smelting  of  the 
metal. 

Among  the  waste  products  of  the  iron  or  other  industries 
that  are  utilised  in  the  extraction  of  iron,  the  most  important 
are  the  slags  from  the  refinery  and  mill  furnace  (which  consist 
of  basic  silicates  rich  in  iron),  metal  scrap,  and  the  burnt  pyrites 
already  referred  to. 

Preparation  of  the  Raw  Materials. — Many  of  these  ores 
and  products  may  be  used  directly,  and  only  in  special  cases  is 
mechanical,  chemical,  or  (generally  after  preliminary  chemical 
treatment)  magnetic  preparation  necessary.  The  mechanical 
preparation  consists  either  in  simply  crushing  the  larger  lumps 
of  ore  to  pieces  of  convenient  size,  in  washing  away  sandy  or 
clayey  portions,  or  in  binding  together  fine-grained  particles 
with  the  aid  of  a  cementing  medium  and  a  press.  The  heating 
or  burning  of  a  dense  ore  merely  to  render  it  more  open  is  now 
rarely  resorted  to.  Chemical  preparation  consists  in  calcination 
for  the  dissociation  of  spathic  ores  for  the  conversion  of  this 
ore  or  of  magnetic  iron  ore  into  the  more  readily  reduced  per- 
oxide, or  for  the  conversion  of  spathic  iron  ore,  or  peroxide  into 
ferro-ferric  oxide,  when  it  is  required  subsequently  to  treat  the 
material  magnetically. 

Magnetic  Separation. — The  electro-magnetic  separation  of 
ores  containing  iron  afibrds  the  first  opportunity  of  applying 
electricity  to  the  extraction  of  iron;  and  it  should  be  noted 
that,  of  late,  the  technical  journals  and  the  daily  press  have 
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frequently  confounded  this  process  with  the  electrolytic  ex- 
traction of  iron.  No  electrolytic  process  for  the  extraction  of 
this  metal  is,  however,  practicable  at  present,  owing  to  the  low 
price  of  the  latter,  and  to  the  fact  that  the  heat  employed  in 
smelting  iron  by  purely  metallurgical  methods  is  very  thoroughly 
economised  in  most  works. 

The  principles  of  magnetic  separation  are  in  all  cases  as  follows : 
— The  mixture  of  magnetisable  and  •  non-magnetisable  particles 
of  the  ore  is  so  moved  through  a  magnetic  field  that  the  path  of 
the  former  particles  is  altered  by  the  attraction  of  the  magnet, 
whilst  that  of  the  latter  is  unchanged ;  hence  the  apparatus 
delivers  the  two  classes  of  material  into  separate  receptacles. 
In  order  to  attain  this  end  a  large  number  of  different  forms 
of  apparatus  have  been  constructed ;  indeed,  in  the  United 
States  alone  more  than  170  patents  have  been  granted  for 
magnetic  separators.  It  is,  therefore,  impossible  here  to  enter 
into  the  details  of  construction  or  principles  of  these  machines, 
and  it  must  suffice  to  describe  in  quite  general  terms  the  method 
adopted  in  some  of  the  plants  employed. 

Magnetic  separation  has  only  been  applicable  when  the  iron 
was  present  in  the  form  of  ferro- ferric  oxide,  FejO^,  or  of  metal. 
The  process  is,  therefore,  most  simply  applied  when,  as  in 
Oalifornia,  ores  or  sands  containing  magnetic  oxide  of  iron 
occur.  So,  also,  heaps  of  this  class  of  ore  that  have  been 
stocked  for  years  have  been  treated.  The  sand  or  raw  ore 
(the  latter  after  it  has  been  crushed  and  screened)  can,  in  this 
case,  be  passed  directly  through  the  separator.  The  treat- 
ment of  ores,  in  which  the  iron  is  present  in  the  form  of  non- 
magnetisable  compounds,  requires  a  preliminary  calcination  to 
ferro-ferric  oxide.  At  Allevard  (Savoy),*  spathic  ores  are  thus 
separated  from  such  gangue  stuff  as  sandstones  or  crystalline 
schists,  by  combining  a  calcination  in  kilns  and  subsequent 
magnetic  separation,  with  a  system  of  mechanical  preparation 
that  would  otherwise  have  but  little  value. 

An  installation  at  the  Friedrichsegen  Mine  at  Bad  Emsf  has 
given  excellent  results  since  1880  in  the  treatment  of  zinc  and 
lead  ores  containing  spathic  iron  ore.  Favourable  reports^  are 
also  given  of  a  plant  which  was  put  down  by  Ferrares  at  the 
Monteponi  Mines  for  an  almost  identical  purpose.  In  this 
instance  there  was  an  accumulation  of  slimes  from  the  older 
dressing  processes ;  these  slimes  contained  26  per  cent,  of  zinc 
ore  with  about  10  per  cent  of  ferric  oxide,  and  hitherto  had 
been  quite  unmarketable.  After  roasting  in  revolving  calciners 
to  convert  the  peroxide  into  the  magnetic  oxide  of  iron,  the 

*  Larmann  in  SlaM  und  Even,  1894,  p.  618. 
t  Leo  in  ZeiUchriJt  far  Eiektrochemie,  18H_p.  395. 
t  JSngineering,  1894,  vol.  IviiL,  p.  618;  ZeiUehrift  fUr  JBlektroehemie, 
1894. 
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slime  is  treated  by  a  combined  system  of  mechanical  and 
magnetic  separation.  Leo,*  in  a  valuable  article  in  the  Zeil- 
achrift  fur  Mektrochemie,  describes  numerous  other  installations- 
which  have  been  made  for  the  recovery  or  separation  of  iron 
compounds  from  ores  and  from  heaps  of  old  tailings. 

The  Smelting  of  Iron. — The  processes  of  iron  extraction 
may  be  divided  into  two  groups,  concerned  with  either  the 
production  of  crude  iron,  or  the  conversion  of  crude  into  malleable 
iron.  The  direct  extraction  of  malleable  iron  from  the  ore  was. 
the  original  proctss  of  smelting,  but  it  is  now  mainly  practised 
in  a  few  uncivilised  countries. 

Froduotion  of  Crude  Iron. — In  all  civilised  countiies,  the 
crude  iron  is  produced  by  smelting  oxidised  ores  of  iron  with 
fluxes  (usually  limestone)  in  blast-furnaces.  The  reduction  of 
the  oxide  in  these  furnaces  is  effected  mainly  by  carbonic  oxide, 
but  in  part  by  the  coke  which  serves  both  as  a  reducing  agent 
and  as  a  heating  material.  It  is  impossible  to  prevent  the  iron 
so  obtained  from  taking  up  a  number  of  impurities  which  entirely 
unfit  it  for  hammering,  rolling,  welding,  and  the  like ;  although 
indeed  it  is  for  some  purposes  desirable  that  they  should  be  so 
introduced.  The  product  of  the  blast  furnace  is  therefore  an 
alloy  of  iron  with  manganese,  carbon  and  carbides,  silicon  and 
silicides,  iron  phosphide,  sulphide  and  oxide,  often  with  other 
metals  such  as  copper  and  chromium  in  addition. 

It  has  many  times  been  proposed  to  substitute  an  electrical 
smelting  process  for  the  treatment  of  iron  ore  in  the  blast- 
furnace; but  the  inventors  have  for  the  most  part  built  their 
hopes  upon  insecure  foundations,  inasmuch  as  they  have  com- 
pared the  text  book  accounts  of  the  blast-furnace  practice  of 
half  a  century  ago  with  the  results  that  are  to  be  expected  from 
the  application  of  the  most  recent  inventions  in  electro-technics* 

De  LavaPB  Smelting  Furnace. — The  smelting  furnace  of  De 
Laval  is  not  ill-adapted  to  the  smelting  of  metals  in  generaL 
The  inventor  t  recommends  that  the  iron  ore  with  the  usual 
reducing  agent  should  be  so  heated  that  the  reduced  metal  ia 
not  actually  fused.  The  melting  of  the  metal  by  electrical 
means  renders  any  further  refining  process  unnecessary,  and  ia 
effected  in  a  low  shaft  furnace,  shown  in  Fig.  177,  in  vertical 
cross-section,  in  Fig.  178,  in  horizontal  section,  and  in  Fig.  179, 
in  vertical  longitudinal  section.  The  hearth  is  divided  into  two 
small  compartments  by  a  bridge,  C,  fitted  with  a  cooling  arrange- 
ment, C.  In  these  compartments  are  laid  the  electrodes,  D  and 
£.  In  starting  the  operation,  the  fused  electrolyte,  I,  is  poured 
through  the  opening,  B,  in  the  cover  of  the  shaft.  A,  and  at  the 
same  time  the  electrodes,  D  and  £,  are  connected  up  in  a  power- 
ful electric  circuit.     The  resistance  of  the  electrolyte  must  be  so 

*  Engineering  and  Mining  Journal  (New  York),  1894,  vol.  Ivii.,  p.  509. 
ilbid. 
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ereat  that  the  bath  is  maiDtained  at  the  meltiDg  temperature 
by  the  direct  conversion  of  electricity  into  beat.     An  alternating 
current  is  used  in  order  that  the 
„        ^'S-  '"■  electrolyte  (e.g.,  magnetic  iron  ore) 

may  not  be  decomposed.  The 
metal  to  be  used  is  introduced 
through  B,  and,  falling  into  the 
bath,  becomes  melted  and  collects 
in  the  two  electrode  cbambera, 
where  it  accumulates  until  it  has 
attained  a  sufficient  depth  to  cause 
it  to  flow  away  through  P  or  G. 
The  level  ot  the  electrolyte  is  kept 
constant  by  means  of  the  opening, 
H.  The  cooling  arrangement  cou- 
siata  of  a  hollow  flat  invertpd  metal 
trough,  C,  with  the  opeuingB,  C, 
and  Cq,  through  which  the  cooling 
liquid  IS  introduced  or  removed. 


Fig.  176.— Borizoulal  section.      Fig.  179. — VerUcal  loDgitndinal  aection. 
De  Laval's  electric  f amace. 

No  results  of  any  practical  trials  of  this  furnace  have  yet  been 
published. 

The  Froduotlon  of  Malleable  Iron. — In  order  to  convert 
the  crude  iron  into  malleable  iron,  it  is  necessary  to  remove  from 
it  those  constituents  which  interfere  with  the  valuable  properties 
of  the  pure  metal.  This  is  accomplished  in  most  coses  by  re- 
ducing the  proportion  of  every  foreign  substance  almost  to  zero, 
and  then,  if  necessary,  restoring  to  the  metal  in  suitable  quantity 
those  elements  which  may  be  required  to  give  to  it  the  special 
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qaalities  sought.  The  separation  of  the  imparities  is  always 
effected  by  oxidation,  either  with  or  without  fusion.  The 
oxidising  agent  is  sometimes  atmospheric  oxygen,  sometimes 
oxide  of  iron  —  especially  the  magnetic  oxide  —  either  added 
directly  as  such,  or  resulting  from  the  oxidation  of  iron  by  the 
air.     The  processes  of  oxidation  may  be  divided  into : — 

(a)  The  Finery. — This  is  only  used  exceptionally  on  account 
of  the  costliness  of  the  charcoal  which  is  the  fuel  employed.  It 
may  be  pictured  as  a  large  smith's  fire,  of  which  two  sides  are 
freely  approachable.  In  the  first  stages  of  the  process  pig  iron 
is  melted  down  by  means  of  a  charcoal  fire  in  a  shallow  hearth. 
Later  the  iron  becomes  less  fluid,  and  always,  as  the  impurities 
are  removed  by  means  of  the  added  oxides  (slag  rich  in  protoxide 
of  iron^,  the  metal  becomes  thicker  until  at  last  it  can  only  be 
worked  with  considerable  difficulty.  In  order  to  produce  steel 
in  this  hearth,  pieces  of  spiegeleisen  are  added  to  produce  recar- 
burisation.  The  metal  fi  Dally  obtained  is  hammered  to  unite 
the  particles  of  iron  which  are  interpenetrated  with  slag ;  it  is 
then  trimmed  and  hammered  into  bars  2  in.  square.  This  process 
gives,  therefore,  a  weld  iron  or  weld  steel. 

(b)  Paddling. — The  puddling  furnace  is  of  the  reverberatory 
type,  fired  with  solid  fuel  or  (either  in  part  or  entirely)  with 
gaseous  fuel.  The  pig  iron  is  melted  at  a  high  temperature 
under  a  bath  of  slag,  and  is  then  rabbled  with  iron  bars  with 
free  access  of  air  at  a  slightly  lower  temperature.  After  breaking 
up  and  working  the  mass,  which  constantly  becomes  thicker  and 
stifier  in  spite  of  an  increased  temperature,  the  iron  is  worked 
up  into  from  four  to  six  balls,  which  are  then  squeezed  to  weld 
the  iron  particles  together  and  to  press  out  the  eaclosed  cinder, 
and  are  formed  into  rectangular  bars  under  the  steam  hammer, 
and  rolled.  This  process,  therefore,  also  affords  a  weld  iron  or 
weld  steel. 

(c)  The  Bessemer  and  (d)  Thomas- Gilchrist  Frooesses. — 
In  these  processes  the  iroa  in  a  fluid  condition  is  treated  with 
air  in  a  vessel  known  as  the  Bessemer  converter,  the  air  being 
forced  through  the  liquid  metal  at  the  bottom  of  the  vessel.  The 
impurities  present  in  the  iron  serve  as  fuel,  and  by  their  oxida- 
tion produce  so  much  heat  that  the  charge  remains  melted,  and 
the  temperature  at  the  end  of  the  flow  is  considerably  higher 
than  that  at  the  commencement.  After  pouring  off  the  slag  the 
metal,  which  has  been  somewhat  over-blown,  is  deoxidised  by 
the  addition  of  spiegeleisen  or  ferro-manganese,  and  recarburisa- 
tion  to  the  desired  degree  is  then  effected  either  by  the  use  of  a 
sufficient  quantity  of  powdered  coke  in  the  casting-ladle  into 
which  the  finished  metal  is  poured,  or  by  some  other  suitable 
means. 

A  sharp  distinction  must  be  drawn  between  the  Bessemer 
and  the  Thomas- Gilchrist  processes,  although  the  apparatus  and 
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manner  of  condnctisg  the  processes  are  almost  identical.  In  the 
former  no  elimination  of  phosphorus  from  the  pig-iron  is  possible, 
because  the  lining  of  the  converter  is  very  silicious,  and  any 
phosphates  that  might  be  formed  "would  be  at  once  reduced 
again.  The  use  of  calcined  dolomite  as  a  lining  for  the  Thomas- 
Gilchrist  converters,  and  of  a  quantity  of  basic  material  (lime) 
at  the  beginning  of  the  blow,  facilitates  the  absorption  into  the 
slag  of  any  phosphoric  acid  that  is  forme  d  by  the  oxidation  of 
the  iron  phosphides  in  the  charge.  The  phosphorus  being  thus 
fixed  in  the  slag  as  a  difficultly-reducible  calcium  phosphate,  the 
iron  is  permanently  dephosphorised.  Both  these  processes  yield 
ingot  iron  or  ingot  steel. 

An  attempt  has  been  made  to  utilise  the  electric  current  in 
this  process.  According  to  Wikstrom*  the  iron  is  not 
sufficiently  fluid  after  the  Bessemer  blow.  He  therefore 
proposes  to  attach  to  the  blast-furnace  a  lander,  so  constructed 
that  the  stream  of  metal  flowing  through  it  is  placed  in  the 
circuit  of  a  powerful  electric  current.  As  it  thus  forms  a 
resistance  it  becomes  strongly  heated,  and  at  the  same  time  air 
for  the  oxidation  of  the  impurities  is  forced  through  it  by  means 
of  a  series  of  tuyeres  placed  in  the  sides  of  the  lander  below  the 
surface  of  the  iron.  The  proposal,  however,  has  so  little 
prospect  of  success  that  no  further  discussion  is  necessary. 

(e)  The  Siemens-Martin  Prooess. — Pig  iron  is  melted, 
together  with  malleable-iron  scrap  and  with  pure  iron  ore,  in 
a  Siemens  regenerative  gas  furnace.  The  scrap  serves,  so  to 
speak,  to  dilute  the  impurities  in  the  pig  iron,  whilst  the  oxides 
on  the  surface  of  the  scrap,  together  with  the  added  oxide 
of  iron  in  the  ore,  and  aided  by  atmospheric  oxygen,  cause  the 
oxidation  of  the  constituents  to  be  eliminated  from  the  iron,  and 
lead  to  their  removal  in  the  waste  gases  of  the  furnace  or  in  the 
slag.  This  process,  like  that  last  described,  may  be  either  "  acid  " 
or  *'  basic "  in  character,  according  to  the  nature  of  the  furnace 
lining,  and  therefore  of  the  reactions.  The  recarburisation  of 
the  molten  charge,  and  deoxidation  which  is  necessary,  are 
effected  by  the  means  already  mentioned  so  frequently.  The 
last  traces  of  ferrous  oxide  dissolved  in  the  finished  iron  may  be 
decomposed  by  the  addition  of  a  small  quantity  of  aluminium. 
This  process  also  produces  ingot  iron  or  ingot  steeL 

The  use  of  electricity  as  a  heating  agent  in  the  Siemens-Martin 
process  has  been  protected  by  Taussigt  in  a  number  of  patenta 
A  hearth  is  constructed  in  which  the  metal  to  be  refined,  or 
the  ore  to  be  reduced,  is  introduced  as  a  resistance  in  a  powerful 
electric  circuit,  and  is  thus  heated  in  the  absence  of  air.  But 
the  steel  metallurgist  could  have  no  difficulty  in  estimating  the 

*  German  Patent  76,604,  Nov.  24, 1893. 

t  Kerast-Borohers,  Jahrbuch  der  MUectrochrnikt  1894. 
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practical  value  of  this  process  for  foundry  work  or  for  refining, 
«t  least  as  it  is  described  in  various  publications. 

(/)  Annealing  of  Cast  Iron. — When  objects  are  cast  from 
white  cast  iron,  and  are  heated  for  several  days  to  a  red  heat, 
packed  in  red  haematite,  Fe^Os,  or  in  chalybite,  FeCOj,  thej 
become  so  far  decarburised  as  to  be  malleable.  Probably  the 
•carbonic  acid  from  the  heating  gases,  or  from  the  spathic  ore, 
by  diffusing  into  the  metal  acts  as  a  decarbnrising  agent ;  the 
COj  is  reduced  to  CO  by  the  carbon  of  the  iron,  and  diffusing 
out  again  the  latter  oxide  is  oxidised  to  OO2  at  the  expense  of  the 
oxygen  of  the  ore.  [It  must  be  remarked,  however,  that  in  the 
treatment  of  large  pieces  of  iron  the  bulk  of  the  carbon  is  not 
actually  oxidised,  but  is  separated  in  the  graphitic  state  in  the 
midst  of  the  iron  itself,  which  thus  has  a  peculiar  greyish-black 
fracture  afler  treatment. — Translator.] 

The  electrical  heating  of  the  objects  to  be  annealed  has  been 
proposed,  but  has  not  been  satisfactorily  accomplished. 

(g)  Cementation. — This  is  a  recarburising  process,  and  is, 
therefore,  the  reverse  of  [one  form  of]  the  ''annealing,"  as 
described  in  the  last  paragraph.  Malleable  iron  is  packed  in 
powdered  wood-charcoal,  and  is  thus  heated  for  about  a  week 
to  a  temperature  of  1000*  0.,  and  so  becomes  harder  and 
stronger.  Possibly  the  carbonic  oxide  produced  by  the  action 
of  the  furnace  gases  upon  the  charcoal  diffuses  into  the  metal, 
And,  dissociating  according  to  the  equation,  200  =  C  +  CO,, 
thus  carburises  it.  [There  is  evidence,  however,  that  iron  may 
take  up  carbon  by  direct  contact,  and  that  the  process  depends 
largely  upon  this  action. — Translator.] 

In  the  cementation  process,  especially  if  it  be  desired  to 
produce  steel  of  some  definite  grade  of  hardness,  the  electric 
current  would  appear  to  have  some  prospect  of  success,  not  only 
as  a  source  of  heat,  but  by  hastening  the  absorption  of  the 
carbon.  Reference  can  here  be  given  only  to  the  results  of  the 
oarefully-conducted  experiments  by  Hillairet  and  Gamier.*  A 
carbon  pencQ  and  an  iron  rod  (containing  0*1  per  cent.  0.)  were 
80  rested  io  a  tube  of  refractory  material  that  the  ends  of  the 
two  rods  were  in  contact  in  the  centre  of  the  tube.  The  whole 
arrangement  was  heated  in  a  small  wind  furnace.  Daring  the 
heating  a  current  of  55  amperes  x  7  volts  was  passed  through 
the  carbon  to  the  iron,^nd  then  through  the  latter.  After  three 
hours  of  this  treatment  the  iron  was  rapidly  withdrawn  from 
the  apparatus  and  quenched  in  water.  That  end  of  the  bar 
which  had  been  in  contact  with  the  carbon  was  thus  rendered 
so  hard  to  the  depth  of  0*4  in.  that  it  was  capable  of  scratching 
glass.  The  surface  of  the  carbon  was  found  to  be  slightly 
roughened  at  the  plane  of  contact.  In  order  to  prove  that  the 
•carbon  was  actually  conveyed  into  the  iron  by  an  electrolytic 
*  Snjineering  euid  Mining  Journal  (New  York),  1894,  voL  Wiu,  p*  57. 
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4Mtioii,  two  iron  rods  were  placed  end  to  end,  but  separated  by 
A  piece  of  wood-charcoal  0*4  in.  tbick.  The  whole  was  then 
heated  in  the  same  manner  as  before,  and  to  the  same  tempera- 
ture (900°  to  1000*  C),  a  current  of  50  amperes  x  2 '5  volts 
^eing  passed  through  the  rods.  After  heating  thus  for  three 
hours  it  was  found  that  the  iron  rod  which  had  served  as  anode 
remained  practically  unchanged,  and  scarcely  became  hardened 
on  quenching,  while  the  carburisation  of  the  cathode  iron  had 
taken  place  to  a  considerable  depth,  and  incipient  fusion  was 
•observable  at  the  lower  end  of  this  bar.  Gamier  thus  demon- 
strates that  the  conversion  of  iron  into  steel  may  be  hastened 
by  the  application  of  a  weak  electric  current  (50  amperes  x  2'5 
volts).  But  this  statement,  at  least  as  far  as  it  concerns  the 
current  strength,  can  only  apply  to  objects  of  the  dimension 
adopted  in  the  experiment.  The  figures  necessary  for  the 
•determination  of  the  current  density  are  not  available,  although 
that  is  a  matter  of  the  highest  importance. 

So  far  as  the  absorption  of  carbon  is  concerned,  this  phenomenon 
is  evidently  comparable  with  liquid  electrolysis,  although  in  this 
•case  only  solid  substances  are  brought  into  play,  so  that  the 
possibility  of  hastening  cementation  by  the  help  of  electricity  is 
clearly  beyond  question.  Electric  cementation  has,  of  course, 
been  made  the  subject  of  many  patents.  The  apparatus  patented 
in  this  connection  is  for  the  most  part  crude,  and  not  such  as 
might  be  expected  of  arrangements  that  were  considered  worthy 
-of  protection  by  patent. 

It  will  have  become  evident  that,  in  spite  of  numerous  pub- 
lished statements,  the  prospects  of  applying  electricity  to  the 
production  of  cast  or  malleable  iron  are  not  as  yet  hopeful. 
Even  the  process  last  described  requires  that  the  objects  to 
be  treated  should  be  comparatively  uniform  in  dimensions. 

THE  WORKINGS   OF  IBON. 

Thomsoii's  Electric  Welding  Process. — It  would  seem 
that  a  more  promising  field  for  the  application  of  electricity  is 
to  be  found  in  the  working  of  iron,  and  chiefly  in  the  heating  of 
iron  prior  to  welding  or  soldering,  or  for  smith- work  and  repairs. 
Space  only  permits  of  an  outline  account  of  the  principles  of  the 
methods  that  have  so  far  been  described. 

The  first  of  these  processes  was  applied  chiefly  to  welding,  and 
the  object  to  be  heated  was  placed  as  a  resistance  in  the  circuit 
of  an  electric  current  of  such  strength  that  the  current  density 

•(current  strength  :  cross-sectional  area  of  object)  was  considerably 
greater  than  would  correspond  to  its  normal  conductance.  The 
well-known  welding  process  of  Elihu  Thomson*  is  based,  for 

*  example,  on  this  principle. 

*  U.S.A.  Patent  375,022,  Deo.  20, 1887. 
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Two  iron  ban  are  preBaed  together  with  thft  aid  of  metal 
clamps,  which  at  the  same  time  form  the  polea  of  a  powerfol 
electric  current,  so  that  their  ends  are  in  contact  aa  shown  in 
Fig.  160.  If  the  end  ■urfacea  are  not  trae,  it  is  evident  that 
the  bars  can  only  tonch  at  a  comparatively  few  points,  and  the 
area  of  surface  contact  will  therefore  be  much  less  than  that  of 
the  rest  of  the  bar,  so  that  the  resistance  at  this  point  will  be 
higher  in  proportion.  Further,  this  resistance  is  increased  by 
the  presence  of  a  thin  film  of  oxide  on  the  surfaces  of  the  metaL 
The  temperature  at  the  point  of  contact  thus  increases  rapidly, 
and  aa  soon  as  a  welding  temperature  is  reached,  the  bars  are 


Fig.  ISO.  Fig.  181.  Pig.  182. 

ElUiu  Thomion  electric  welding  procMt. 
pressed  quickly  together.  The  various  stages  in  the  heating  are 
shown  in  Figs.  180,  181,  and  182  ;  but  the  application  of  the 
process  is  not,  of  coaree,  confined  to  straight  bars.  The  opinions 
of  metallurgists  are  divided  as  to  the  value  of  this  system,  for 
the  strength  of  the  iron  at  the  [uabammered]  weld  is  neither 
very  trustworthy  nor  very  uniform.  A  current  of  low  E.M.F., 
but  of  considerable  volume,  is  necessary  to  heat  the  object  in 
this  way.     It  should  amount  to  about  15  amperes  *  per  sq.  mm, 

hoold  k 

d  rcqaire  iew  time  (down  to 
a  few  lecondi)  but  a  proportionately  higher  expenditure  of  energy,  whilat 
larger  ban  would  abaorb  1b*>  power  but  would  need  more  time,  np  to  about 
two  or  three  minute*  lor  a  2-iuoli  bar.— Trahslaiob.] 
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[10,000  amp.  per  sq.  Izl]  of  sectional  area  of  the  object  to  be 
welded  in  the  immediate  neighbourhood  of  the  joint.  The  same 
proceBs  is  recommended  for  the  heating  of  wires  or  rods,  the  wire 
being  drawn  over  the  two  ends  of  an  interrupted  electric  circuit 
in  such  a  manner  that  it  makes  contact,  and  so  forms  a  resistance 
between  them.  Since  single  wires  may  be  heated  in  this  fashion, 
there  is  no  doubt  that  whole  bundles  or  packets  might  be  simi- 
larly raised  to  a  temperature  suitable  for  rolling,  and  the  re- 
heating furnace  may  possibly  be  even  replaced  under  certain 
circumstances  by  an  electrical  heating  plant. 

Local  Softening  of  Quenohed  Steel. — The  melting  of  cast- 
iron  for  foundry  work  by  the  resistance  heating  method  has  not 
advanced  to  the  practical  stage,  even  though  isolated  reports  of 
a  not  unfavourable  character  have  been  published  concerning  the 
Taussig  smelting  furnace  to  which  allusion  has  been  made  above. 
One  of  the  latest  applications  of  this  method  of  heating  is  to  be 
found  in  the  local  softening  of  armour  plates  which  have  been 
superficially  hardened  by  Harveyising ;  this  may  be  required  if 
extra  rivet  holes  should  be  required  at  the  last  moment  to  secure 
the  plates  to  the  hull  of  the  ship,  or  if  the  plates  have  to  be  sub- 
jected to  some  special  treatment.  In  order  to  effect  this  two 
parallel  copper  contact  pieces  5  sq.  cm.  [f  sq.  in.]  in  cross-section 
and  25  mm.  [1  in.]  apart  are  caused  to  lead  a  sufficient  current 
to  the  part  that  is  to  be  heated.  A  dull  red  heat  will  shortly  be 
observed  in  the  iron  between  the  contacts.  From  this  moment 
the  current  strength  is  gradually  reduced,  so  that  after  about  ten 
minutes  the  heated  part  will  have  been  cooled  below  the  critical 
hardening  temperature,  after  which  no  hardening  is  possible  on 
the  removal  of  the  contact. 

[A  detailed  account*  of  a  plant  supplied  by  the  Thomson 
Welding  Company  for  the  local  annealing  of  the  Harveyised 
armour  plates  of  the  "Oregon"  (U.S.  Navy)  has  recently  been 
published.  A  55  H.P.  engine  is  used  to  drive  a  40  kilowatt 
alternating  dynamo,  wound  for  an  outturn  of  135  amperes  x  300 
volts,  when  run  at  1000  revolutions  per  minute.  The  exciter  (a 
D-type,  shunt- wound  generator  of  110  volts  at  2000  revolutions) 
is  drawn  by  a  pulley  on  the  armature  shaft,  and  is  connected 
with  the  field  magnet  coils  of  the  alternator  through  a  regulat- 
ing rheostat  with  German  silver  coils.  The  main  alternator 
current  is  led  to  the  primary  coil  of  a  **  shell "  transformer 
(i.d.,  one  with  the  coils  enclosed  within  a  laminated  iron  shell) ; 
the  secondary  coil  consists  of  a  single  U-shaped  turn  of  cast 
copper,  to  the  ends  of  which  copper  contact-pieces  may  be 
attached.  These  are  of  various  sizes  and  shapes,  according  to 
the  work  to  be  done,  and  they  are  water-cooled  (within)  to 
prevent  the  heat  from  the  annealing  operation  penetrating  to 
the  coils  of  the  transformer.     The  transformer  ia  so  suspended 

*  Iron  Age^  Aogiut  29, 1895. 
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on  trunnions  that  it  may  be  turned  at  anj  angle,  and  thus 
brought  to  bear  (if  need  be)  .upon  any  part  of  a  plate  that  is 
already  in  position.  In  the  actual  process  of  annealing,  the 
rheostat  is  so  adjusted  that  the  alternator  current  shall  at  first  be 
of  minimum  strength,  affording  a  current  of  about  3500  amperes 
and  4  volts  from  the  transformer.  The  proper  contact-pieces  for 
the  work  in  hand  are  attached  to  the  latter,  the  distance 
between  the  pieces  being  about  If  in.,  if  the  hole  that  is 
ultimately  to  be  drilled  be  required  |-  in.  in  diameter.  The 
contact-pieces  are  then  brought  down  upon  the  plate  so  that  the 
spot  to  be  annealed  lies  centrally  between  them  and  thus  forms 
a  part  of  the  secondary  circuit  of  the  transformer.  A  slight 
humming  sound  is  heard,  and  the  steel  begins  to  be  heated; 
the  resistance  of  the  rheostat  must  then  be  gradually  reduced 
80  that  a  ^maximum)  current  of  6000  amperes  may  flow  through 
the  seconaary  circuit,  including  the  portion  of  the  plate  between 
the  contact-pieces.  The  steel  becomes  visibly  red  hot  locally,  and 
bulges  somewhat  owing  to  expansion  caused  by  the  irregularity 
of  the  heating.  After  about  three  minutes  from  starting  it  is 
sufficiently  hot  between  the  poles  to  char  or  ignite  a  pine  stick 
held  in  contact  with  it.  The  current  is  then  gradually  reduced 
again  to  the  minimum  (3500  amps.),  so  that  at  least  ten  or 
twelve  minutes  are  occupied  in  reducing  the  temperature  below 
the  point  (a  dull  red  heat)  at  which  the  metal  could  harden  by 
chilling  from  contact  with  the  mass  of  cool  steel  around.  The 
current  may  then  be  broken,  and  the  metal  cooled  more  rapidly. 
The  annealed  portion  will  be  elliptical  in  shape,  the  major  axis 
of  the  ellipse  being  about  4  in.,  and  the  minor  axis  2^  in,  under 
the  above-named  conditions. — Translator.] 

The  Benardos  Electric  Welding  Process.  —  Another 
method  of  heating  objects  for  fusion  or  soldering  consists  in 
bringing  them  into  contact  with  tht  poles  of  an  electric  arc. 
Metals  were  melted  in  this  manner  by  Siemens  more  than 
sixteen  years  ago,  as  indicated  on  p.  131.  Benardos*  has 
ingeniously  adapted  this  idea  to  the  soldering,  perforating, 
riveting,  and  repairing  of  metals.  The  work  forms  the  negative 
pole,t  and  a  carbon  rod  held  in  some  form  of  movable  handle 
is  used  as  the  positive  pole  (Fig.  183).  While  an  arc  plays 
between  the  carbon  and  the  part  of  the  metal  to  be  heated,  the 
latter  may  be  locally  raised  to  its  melting  point,  so  that  the 
most  varied  soldering  and  melting  work  may  thus  be  done. 
There  are,  however,  certain  difficulties  which  militate  against  the 
general  use  of  the  process.  In  the  first  place,  the  temperature 
of  the  arc  is  far  too  high  for  most  metallurgical  purposes,  and 
it  is   scarcely  capable  of  regulation.     Again  the  transfer  of 

*  German  Patent  38,011. 

t  [The  work  is  now  made  the  positive  pole,  see  next  paragraph. — 
Translatob.] 
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carbon  from  the  carbon  electrode  to  the  molten  iron  of  the 
object  being   heated  is  unavoidable,  for  the  formation  of  an 
electric  arc  is   of  the   nature  of  electrolysis   with  a  gaseous 
electrolyte.    The  solidified  metal  of  the  part 
that  has  been  soldered  is,  therefore,   nearly 
always  harder  and  more  brittle  than  the  rest 
of  the  material.    Hence  it  is  possible  that  the 
process  will  have  to  be  restricted  to  the  re- 
pairing of  cast  iron  objects. 

[The  Benardos  process  is  in  constant  use  at 
the  Halesowen  Works  of  Messrs.  Lloyd  & 
Lloyd,  to  whom  the  translator  is  indebted  for 
the  following  information,  as  well  as  for  the  *" 

opportunity  of  personally  inspecting  the  work-  **'?•  }^^'  Tho5r*'f 
ing  of  the  installation.  Three  150 -volt  electri^l  heat- 
dynamos  are  employed  to  charge  1440  ing. 
Benardos  accumulators  arranged  in  24  groups 
of  60  each.  These  cells  are  composed  of  lead  plates  so  per- 
forated as  to  expose  a  large  surface  of  the  metal,  and  are  made 
without  "paste";  they  thus  have  to  be  "formed"  in  the  same 
manner  as  the  original  Plants  battery.  This  construction  of 
cell  is  obviously  necessary,  on  account  of  the  intermittent 
nature  of  the  welding  operations,  and  of  the  sudden  demand 
for  large  volumes  of  current  to  be  applied  for  a  short  time. 
Should  the  renewal  of  any  lead  plates  become  necessary  in 
the  cells,  the  fresh  electrodes  may  be  introduced  directly,  and 
the  process  of  "forming"  is  then  accomplished  without  any 
special  treatment.  All  the  leads  from  the  dynamos,  batteries, 
and  welders  are  brought  into  the  switch  room,  and  are  so 
arranged  that  they  may  be  joined  up  in  any  required  manner ; 
the  instruments  necessary  to  the  measurement  of  any,  or  every, 
circuit  being  placed  in  the  same  room. 

In  the  smithy,  the  metal  to  be  welded  may  be  connected  up  to 
the  conductor  from  the  switch  room,  but  more  usually  the  anvil 
upon  which  the  work  rests  is  so  connected.  The  other  electrode 
is  L-shaped,  and  consists  commonly  of  a  stout  carbon  rod,  about 
an  inch  in  diameter,  which  forms  the  short  limb  of  the  L,  and 
is  gripped  at  the  end  of  a  long  holder  held  in  the  hand,  and 
joined  up  to  the  opposite  conductor  from  the  batteries.  It  is 
especially  to  be  noted  that  the  carbon  is  connected  to  the  negative, 
and  the  work  to  the  positive  battery  lead,  and  not  vice-versa  as 
described  in  the  accounts  of  the  original  Benardos  process. 
Hence  there  is  no  longer  the  danger  of  a  partial  carburisation  of 
the  metal  by  the  anode  carbon,  to  which  allusion  has  been  made 
in  the  text.  The  process  may,  of  course,  be  applied  to  the 
welding  of  straight  bars ;  but  it  is  most  useful  and  economical 
when  employed  for  such  purposes  as  the  welding  of  flanges  on  to 
pipes  that  are  required  to  stand  high   pressures,  or  for  the 
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tmming  out  of  surface  flaws  in  steel  castings,  or  the  like,  and 
making  good  the  cavities  thus  produced  by  melting  metal  of 
similar  character  into  them.  There  are  obviously  hundreds  of 
other  applications,  and  among  them  may  be  noted  the  burning 
of  holes  in  tubes,  &c.,  or  the  cutting  of  metal  in  any  desired 
manner. 

In  use,  the  object  to  be  welded  is  placed  on  the  anvil  and 
connected  to  the  positive  lead ;  the  welder,  holding  a  coloured 
glass  screen  in  the  one  hand  to  protect  his  eyes  from  the  glare 
of  the  arc,*  and  grasping  the  carbon  holder  in  the  other,  touches 
the  carbon  on  the  work  and  then  immediately  and  very  rapidly 
withdraws  it,  so  that  an  arc  of  suitable  length  is  formed.  The 
length  of  the  arc  used  depends  mainly  upon  the  thickness  of  the 
metistl  under  treatment.  If  very  short  the  heat  is  not  only  too 
concentrated,  but  too  intense,  and  a  thin  plate  might  be  fused 
through  almost  instantaneously  ;  and,  even  if  a  good  joint  were 
made  with  such  an  arc,  there  would  be  a  possibility  that  the 
great  (and  purely  local)  contraction  of  the  metal  on  cooling  would 
then  cause  it  to  crack.  There  is  no  difficulty  in  obtaining  an  arc 
6  ins.  long,  or  more,  with  the  aid  of  a  powerful  current,  and  the 
heat  would  then  be  diffused  over  a  larger  area  of  metal,  but  the 
cost  would  be  needlessly  high.  For  the  work  usually  undertaken^ 
the  arc  is  preferably  from  2  to  2^  ins.  in  length.  Within  a  few 
seconds  from  the  start  the  portion  of  the  metal  upon  which  the 
arc  is  playing  is  brought  into  a  })lastic  semi-fused  condition  that 
is  most  suitable  for  the  welding  operation.  If  an  ordinary  bar 
were  to  be  welded  the  metal  would  be  raised  to  the  required 
temperature,  and  hammered  as  usual.  In  other  cases  (e.^.,  in 
uniting  a  flange  to  a  tube)  the  parts  to  be  joined  may  be  cut,  so 
that  when  placed  in  position  there  is  a  V-shaped  groove  between 
them,  a  small  block  of  metal  (\  to  ^  in.  cube)  is  then  placed  at 
a  convenient  point  in  the  groove,  the  arc  is  started  and  caused 
to  play  upon  this  portion,  so  that  the  area  surrounding  the  metal 
block  is  raised  to  a  welding  heat,  and  the  block  itself  is  just 
melted  into  a  plastic  condition,  the  arc  is  then  broken  and  the 
joint  completed  with  a  former.     Another  block  is  then  placed 

*  [The  greatest  caution  mast  be  observed  in  working  with  these  large 
electric  arcs.  They  should  never  be  looked  at,  even  from  a  considerate 
distance,  without  using  a  screen  consisting  of  several  thicknesses  of  deep 
ruby  and  orange  glass.  The  writer  has  on  several  occasions,  when  working 
with  an  electric  farnace,  suffered  slightly  from  the  effects  even  of  an  inad- 
vertent glance  at  the  arc.  In  more  serious  cases  that  have  come  within  his 
knowledge,  the  most  intense  pain  and  irritation  of  the  eye  were  felt,  com- 
bined with  a  copious  flow  of  tears.  These  effects  are  not  commonly  felt  at 
the  time,  but  only  after  the  lapse  of  several  hours ;  the  pain  may  then, 
however,  be  almost  unendurable  for  hours.  If,  for  any  reason,  it  be  neoes- 
sary  to  approach  the  arc  closely  for  any  length  of  time,  the  screen  should  be 
of  sufficient  size  to  protect  the  whole  face,  as  the  action  of  the  arc  is  com- 
parable with  that  of  direct  sunlight,  causing  sun-burn  and  peeling  of  the 
skin. — Tbanslatok.  J 
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next  to  this,  and  the  arc  re-formed,  and  the  joint  made  in  the 
same  way.  These  operations  are  alternated,  so  that  the  weld  is 
extended  about  1  to  2  in.  each  time  until  the  whole  is  complete. 
In  boring  or  cutting  a  pipe,  or  other  object,  the  arc  is  caused  to 
play  sharply  upon  one  point  until  a  complete  perforation  is  made, 
and  this  is  extended  in  either  direction  by  altering  the  position 
of  the  arc.  In  filling  up  cayities  the  metal  is  built  up  little  by 
little,  afcer  the  manner  explained  aboye  in  the  case  of  the  long 
weld. 

At  Messrs.  Lloyd's  works  the  current  pressure  used  ayerages 
110  to  120  volts,  while  the  yolume  is  yaried  by  the  introduction 
of  resistances,  according  to  the  work  in  hand.  Speaking  gener- 
ally, the  current  employed  for  welding  metal  ^  in.  thick  may 
conyeniently  be  about  200  amperes,  for  metal  J  in.  thick  about 
250  amperes,  and  for  ^  in.  thick  300  amperes.  For  steel  castings, 
it  might  range  from  200  to  500  amperes.  It  is  evident  that  the 
volume  of  current  may  vary  within  wide  limits,  and  somewhat 
smaller  currents  may  be  used  for  a  longer  time,  but  generally 
with  less  economy.  Thus,  in  the  welding  of  ^  to  ^  in.  metal,  the 
current  would  range  from  23,000  to  35,000  watts,  which  is  equi- 
valent to  an  absorption  of  31  to  46  electrical  H.P. — Translator.] 

The  Slavianoff  Frooess. — The  process  of  Slavianoff,  which 
depends  upon  the  same  principle  as  that  of  Benardos,  can  also 
be  applied  to  the  repair  of  cast  goods  for  like  reasons. 

This  inventor  has  substituted  a  metal  electrode  for  the  carbon 
pole  employed  under  the  other  system.  It  is  evident  that  such  an 
electrode  must  fuse,  and  will  then  be  liable  to  run  into  the  faulty 
places  of  the  latter;  it  should,  therefore,  be  composed  of  the  same 
material  as  the  metal  to  be  repaired.  It  is  true  that  there  is  no 
danger  in  this  case  that  an  excess  of  carbon  shall  be  taken  up 
by  the  iron  surfaces  to  be  united,  but  the  operation  itself  re- 
quires more  care  and  skill  than  that  of  Benardos  on  the  part  of 
the  workman,  for  if  the  metal  melt  off  too  rapidly  from  the 
positive  electrode,  the  arc  will  be  subject  to  constant  fluctuation. 
On  the  one  hand,  there  is  always  danger  of  short  circuits  being 
formed,  but,  on  the  other  hand,  the  breaking  of  the  arc  has  equally 
to  be  avoided.  [A  current  of  about  4,800  to  5,200  amps,  per  sq. 
in.  of  sectional  area  of  bar  is  used  at  a  pressure  of  50  to  70  volts. 
— ^Translator.] 

The  Lagprange  and  Hoho  System. — Lagrange  and  Hoho 
also  cause  the  object  to  form  the  negative  pole  of  an  electric  aro^ 
as  in  the  processes  last  described ;  but  this  arc  is  produced  (and 
the  whole  object  is  immersed)  in  an  atmosphere  of  hydrogen 
produced  by  the  electrolysis  of  an  aqueous  solution.  A  leaden 
vessel,  or  a  lead-lined  wood  or  stoneware  tank,  or  else  leaden 
plates  of  the  greatest  possible  area,  placed  in  a  suitable  receiver, 
serve  as  anode,  whilst  the  objects  to  be  heated  form  the  cathode 
and  present  a  relatively  small  surface  (Figs.  184  and  185).     The 
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electrolyte  consists  of  an  aqueous  solution  of  sulphuric  acid,  or 
of  such  salts  as  sodium  or  potassium  carbonate  or  borax.  With 
a  sufficiently  high  E.M.F.  (at  least  110  volts),  an  electric  arc  is 
formed  (as  a  result  of  the  high  current  density)  between  the 
cathode  and  the  electrolyte  across  the  layer  of  hydrogen  in  which 
the  cathode  is  enveloped.  The  object  to  be  treated  is  thus 
heated  very  rapidly,  and  is  protected  from  burning  by  the 
hydrogen  surrounding  it.  The  process  has  been  recommended 
for  the  heating  of  rivets,  of  iron  rods  for  smith  work,  or  of  horse- 
shoes ;  or  for  the  annealing  of  wires  and  analogous  purposes. 


Fig.  184. — Lagrange  and  Hoho  electrical  heating  method. 


Fig.  185. — Lagrange  and  Uoho  electrical  heating  method. 

This  process  can  only  be  used  for  the  heating  of  objects  that  are 
subsequently  to  be  welded  or  hot  worked,  and  during  the  heating 
they  are  most  efficiently  protected  from  oxidation  by  the  atmo- 
sphere of  hydrogen.  The  Lagrange-Hoho  apparatus  has  been 
termed  an  electrolytic  forge.  The  condition  of  success  for  this 
process  lies  in  the  treatment  of  small  objects  of  uniform  section. 
[The  Burton  Liqiiid  Forge. — In  the  process  last  described^ 
the  hydrogen  evolved  is  not  utilised,  except  as  an  insulating 
medium  that  enables  an  arc  to  be  formed  between  the  metal  and 
the  liquid  in  which  it  is  immersed.  Hence  the  69,000  (gramme- 
calorie)  heat  units  absorbed  in  the  electrolysis  of  each  molecule' 
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of  water  are  wasted,  when  bj  burning  the  gas  under  suitable 
conditions,  a  considerable  percentage  might  be  recovered.  To 
obviate  this  loss,  G.  D.  Burton*  has  modified  the  apparatus 
in  such  a  way  that  the  specimen  to  be  heated  is  merely  brought 
into  contact  with  the  surface  of  the  electrolyte ;  and  the  local 
heat  of  the  arc  thus  formed  is  supplemented  by  that  resulting 
from  the  combustion  of  the  hydrogen  produced.  This  process 
has  been  employed  in  the  Niagara  district.  In  its  simplest  form 
the  forge  consists  of  a  tank,  constructed  of,  or  lined  with,  some 
non-conducting  substance,  and  divided  into  three  compartments 
by  two  perforated  non-conducting  partitions,  one  of  which  is 
placed  transversely  at  one  end,  and  one  longitudinally  near  one 
side.  In  one  is  a  leaden  plate,  which  serves  as  anode,  in  another 
is  a  plunger,  that  may  be  raised  or  lowered  to  control  the  level 
of  the  liquid  in  the  whole  tank  by  displacement,  while  the  third 
forms  the  "  hearth."  In  the  last  named  cell,  the  objects  to  be 
treated  are  introduced,  either  held  in  tongs  connected  with  the 
negative  lead  from  the  dynamo,  or  supported  on  movable  blocks 
of  fireclay,  the  distance  between  which  may  be  regulated  at  wilL 
The  latter  method  is  used  when  only  a  portion  of  the  object  has 
to  be  raised  to  a  welding  temperature;  connection  with  the 
current  is  then  made  by  a  clamp,  and  the  space  between  the 
fireclay  blocks  regulates  the  length  that  will  be  heated.  The 
electrolyte  for  small  work  may  be  a  sodium  chloride  solution  of 
105  specific  gravity,  the  density  of  which  would  be  increased 
in  proportion  to  the  size  of  the  work.  An  alternative  solution 
contains  10  lbs.  of  washing  soda,  and  1|  lb.  of  borax  to  45  gallons 
of  water.  As  soon  as  the  piece  is  placed  in  position,  the  opera- 
tion may  be  started  by  depressing  the  plunger,  and  thus  raising 
the  level  of  the  liquid  until  it  just  touches  the  object.  A  bar  of 
iron,  ^  in.  square,  requires  about  8  seconds,  and  a  bar,  1  in.  square, 
about  1  minute,  to  bring  it  to  a  welding  heat,  and  the  current 
in  the  latter  case  would  average  26  amp.  x  220  volts.  The 
current  is  passed  continuously  in  treating  small  bars ;  but  for 
irregular  pieces,  it  is  advisable  to  render  it  intermittent,  in  order 
that  the  heat  may  have  time  to  become  equalised  throughout 
the  metal,  instead  of  being  concentrated  at  one  point.  The 
hydrogen  evolved  by  the  electrolysis  escapes  into  the  air,  and 
there,  igniting  by  contact  with  the  arc,  forms  a  fiame  which 
envelopes  the  bar  and  assists  the  heat  from  the  arc  in  raising  it 
to  the  required  temperature. — Translator.] 

The  Zerener  Process. — Zerener,t  in  his  soldering  process, 

*  [English  Patents  7712,  7713,  April  17,  1895 ;  and  Electrical  Engineer 
(New  York),  1895,  p.  93.] 

+  [Zerener  in  the  SUzungsberichte  des  Vereins  zUr  Beforderung  des  Oewer- 
befleisaes,  1893,  p.  211,  states  that  with  the  hand  tool,  bicycle  frames  and 
the  like  may  be  brazed  with  the  aid  of  a  current  of  40  to  60  amp.  x  40  volts, 
and  that  with  the  larger  instrument  an  iron  plate  |  in.  thick  may  be  welded 
by  a  current  of  100  to  200  amp.  x  70  volts. — Translator.] 
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heata  the  ohjecU  in  the  electric  are,  but  uithovt  making  them  eUa- 
Irodes.     The  difficulties  militatiog  ag&inat  the  practical  applica- 
tion of  thia  method  have  been  overcome  by  placing  the  carbon 
electrodes  opposite  to  one  another  in  a  slanting  position,  and 
deflecting  the  arc  that  plays  between  them  by  means  of  an 
electro-magnet  placed  at  right  angles  to  the  plane  of  the  arc 
Fig.    186  is  a  diagrammatic  sketch  of  such   an   arrangemenL 
KK  are  the  carbon  electrodes,  MM  is  the  electro-magnet  actuated 
by  the  main  current  passing  through  a  coil  of  a  few  turns  of  wire, 
the  poles  being  placed  at  right  angles  to  the  plane  of  the  elec- 
trodes.    The  arc  is  deflected  downwards  like  the  flame  of  a  blow- 
pipe.    [This  principle  was  also  applied  to  electric  furnaces  in 
1886  by  Rogeraon-Stftttor  and  Stevenson.— TBAsstAToa.]     The 
smallest  forms  of  the  apparatus  are  fitted  with  handles,  so  that 
they  may  be  used  like  a  copper 
bit  or  B  br&sier's  blowpipe ;  the 
larger  forms  must  be  mounted 
like  a  small  crane.    It  is  evident 
that  moat  of  the  difficulties  en- 
countered in  theuse  of  the  electric 
soldering  and  welding  apparatus 
previously  described  have  here 
been  surmounted.      The  arc  is 
independent  of  the  object  under 
treatment ;  and  by  altering  the 
distance  between  them,  the  tem- 
perature may  be  kept  under  per- 
Elg.  186. — Zerauer'a  Apparatus.        feet   control ;    whilst   a   smaller 
current   stiffices   for   the    work. 
The  current  may  vary  between  3  and  250  amperes  at  a  pres- 
sure of  60  to  65  volts,  occordiog  to  the  size  of  the  apparatus. 
Hence  the  system  may  be  adopted  wherever  a  current  is  used 
for  electric  lighting,  while  for  the  other  systems  an  installation 
of  accumulators  is  necessary.     In  siiort,  everything  appears  to 
indicate  that  of  all  the  hitherto  known  methods  and  apparatus 
for  working  metals  by  electrical  means,  that  of  Zerener  is  likely 
to  find  the  most  extended  use. 

The  iron  industry  bos  utilised  electricity  in  a  manner  some- 
what difierent  from  that  of  the  other  branches  of  metallurgy. 
Without  being  of  practical  service  in  the  reduction  and  refining 
of  iron,  electricity  has  been  employed  in  the  preparation  of  the 
raw  material,  and  in  the  treatment  of  the  finished  metal. 

In  conclusion,  however,  it  may  be  again  urged  that  in  tbe 
centres  of  the  iron  industry,  the  waste  of  chemical  energy  is 
simply  stupendous.  There  are  many  ironworks  in  which  gaaee 
from  the  blast  furnaces  and  coke-ovens  are  allowed  constantly 
to  go  to  waste,  that  would  be  capable  of  developing  thousands  of 
H.P.  units.    Even  the  crudest  steam-engine  plfuit  Imaginable 
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could  here  be  made  to  generate  electricity  and  drive  an  electrio 
installation  with  profit,  seeing  that  the  power  could  be  had 
practically  for  nothing.*^  Instead  of  this,  even  the  most  remote 
sources  of  water  power  are  sought  out  for  the  operation  of  electro- 
lytic processes ;  whilst  in  the  most  flourishing  industrial  centres 
the  power  is  scattered  to  the  winds  to  an  extent  that  in  other 
countries  would  suffice  to  attract  a  valuable  electro-chemical 
industry.  It  is  to  be  hoped  that  the  recognition  of  this  error 
will  soon  become  general ;  and  none  will  be  found  to  begrudge 
to  the  iron  works  the  premier  position  in  the  field  of  electro- 
metallurgy. 


CHAPTER  XII. 

NICKEL  AND  COBALT. 

Properties  of  Nickel. — Nickel  (Ni ;  atomic  weight  =  58*88 ; 
specific  gravity  =  9)  is  a  very  clear  grey,  and  brilliantly  lustrous 
metal,  distinguished  by  its  tenacity  and  malleability,  which  are 
BO  high  that,  like  iron,  it  may  be  rolled  or  drawn  to  sheet  or 
wire.  In  its  magnetic  and  electrical  properties  it  strongly 
resembles  iron.  The  melting  point  of  nickel  is  about  1400**  0. 
It  alloys  readily  with  most  metals  (cupro  -  nickel,  copper -zinc 
and  nickel,  German  silver,  ferro-nickel,  nickel  steel).  Like 
copper  and  iron,  melted  nickel  is  capable  of  dissolving  some  of 
its  own  compounds,  as,  for  example,  the  oxide.  At  ordinary, 
and  even  at  comparatively  high,  temperatures  nickel  oxidises 
but  slightly  in  the  air,  so  that  the  waste  in  the  form  of  scale 
produced  in  rolling,  or  in  hot  working,  is  much  less  than  in  the 
case  of  iron.  It  combines  readily  with  the  metalloids,  and  its 
compounds  with  sulphur  and  arsenic  play  an  important  part 
in  the  metallurgy  of  the  metal.  All  the  more  important 
nickel  compounds  met  with  industrially  are  derived  from  the 
protoxide,  NiO ;  the  peroxide  being  a  very  unstable  body. 
Nickel  dissolves  readily  in  nitric  acid,  and  more  slowly  in  hydro- 
chloric or  sulphuric  acid,  and  forms  the  salts  of  the  protoxide  in 
each  instance. 

Occurrence  of  Nickel. — Nickel  occurs  only  in  the  form  of 
sulphides  or  arsenides,  or  their  weathering  products,  and  as 
silicate.  The  two  first-named  are  found,  for  the  most  part,  accom- 
panying the  corresponding  compounds  of  copper  and  iron,  and 

*  [Sncoessf al  experiments  have  recently  heen  made  by  Dixon  and  Thwaite 
at  the  Wishaw  works  of  the  Glasgow  Iron  and  Steel  Co.,  in  the  direct  use 
of  the  blast  furnace  gases  in  gas  engines.  These  have  at  present  shown 
that  78*54  cb.  ft.  of  gas  per  hour  may  suffice  to  generate  1  H.P.  (indicated), 
or  103  cb.  ft.  to  give  1  H.P.  (actual).  •Translatob.] 
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they  formed  until  recently  the  most  important  nickel  ores.  Bnt 
lately  the  silicates,  and  among  these  gamieiite,  have  been 
abundantly  smelted. 

Extraction  of  Nickel. — The  extraction  of  nickel  is  almost 
exclusively  effected  by  processes  conducted  on  the  lines  of 
.those  employed  for  the  treatment  of  copper  or  iron  ores.  For 
example,  there  are  concentration  processes  for  nickel  exactly 
similar  to  the  smelting  for  matte  in  the  metallurgy  of  copper. 
With  arsenical  ores  a  system  of  speise-smelting  may  be  sub- 
stituted for  matte  production,  and,  if  necessary,  the  speise,  like 
the  mattes,  may  be  roasted,  and  then  submitted  to  a  second  fusion. 
Even  the  silicates  may  be  smelted  with  sulphide  ores,  so  that  a 
nickel  matte  may  be  formed  which  is  then  treated  like  the 
corresponding  copper  product  and  made  to  yield  a  crude  nickeL 
The  crude  nickel  may  then  be  refined  by  a  process  similar  to 
that  employed  for  the  conversion  of  cast  into  wrought  iron ;  and 
for  this  purpose  the  principles  of  the  puddling,  the  Bessemer, 
and  the  open-hearth  processes  have  been  borrowed  from  the 
metallurgy  of  iron.  It  is,  however,  necessary  to  use  powerful 
reducing  agents  to  decompose  the  last  traces  of  nickel  oxide  in 
metal  which  has  been  refined  by  oxidisation;  and  magnesium 
was  found  by  Fleitmann'  to  give  the  most  satisfactory  result. 
[The  principle  of  the  Burton  forge  (see  p.  390)  is  said  to  have 
been  applied  to  the  treatment  of  nickel  ore  in  Canada,  the 
ore  (presumably  oxide)  being  enclosed  in  a  cradle  and  submitted 
to  the  combined  action  of  the  arc  and  of  hydrogen  by  immersion 
as  the  positive  electrode  to  a  current  of  great  density  in  a 
suitable  electrolyte. — Translator.] 

When  the  ores  contain  cobalt  the  smelting  is  supplemented 
by  so-called  "wet- processes."  After  smelting  for  matte  or 
speise,  and  roasting  the  product,  the  resulting  oxides  are  dis- 
solved in  acid ;  the  salt  solution  is  treated  with  hydrogen 
sulphide  to  precipitate  copper,  lead,  and  certain  other  metals. 
The  filtrate  from  the  sulphides  is  first  neutralised  and  then 
oxidised  by  chloride  of  lime,  so  that  the  iron  becomes  precipitated 
as  ferric  hydroxide,  and  afterwards  the  cobalt  is  deposited  as  per- 
oxide. The  nickel  is  finally  precipitated  as  nickelous  hydroxide 
from  the  separated  solution,  and  thus  is  dried  and  reduced  to 
the  metallic  state. 

Mond's  process  is  still  in  the  experimental  stage ;  it  consists 
in  converting  the  nickel  of  oxidised  ores  into  nickel  carbony], 
Ni(00)4,  with  the  aid  of  carbonic  oxide  ;  the  carbonyl  passes  off 
as  a  gas,  and  is  dissociated  again,  by  heating,  into  metallic  nickel 
and  carbonic  oxide. 

So,  also,  the  electrolytic  extraction  of  nickel  is  still  under 
experiment,  and  it  yet  remains  to  be  ascertained  whether  it  can 
ever  be  applied  on  the  large  scale.  It  is  somewhat  strange 
that  a  metal,  which,  in  electro-plating,  gives  sound,  adhesive 
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and  brilliantly  lustrous  thin  films,  should  cause  so  much 
trouble  as  soon  as  it  is  sought  to  obtain  a  deposit  of  any  con- 
siderable thickness.*  Processes  for  electro-nickeling  have  been 
known  for  upwards  of  half  a  century  ;  but  even  the  simplest 
problem  in  the  electrolytic  refining  of  nickel  has  not  yet  been 
satisfactorily  solved.  Some  of  the  proposals  in  this  direction 
may  be  shortly  reviewed. 

The  possibility  of  depositing  nickel  by  electrolysis  does  not 
appear  to  have  been  contemplated  before  1840.  But  there  then 
appeared  an  English  patent  which  protected  the  use  of  double 
cyanides  as  an  electrolyte  in  the  deposition  of  nickel,  a  method 
well  known  at  the  time  to  be  suitable  for  the  electrolysis  of  many 
other  metals.  This  process,  however,  has  been  of  no  service  in 
the  electro-metallurgical  extraction  of  nickel.  From  a  practical 
point  of  view,  R.  Bottger's  experiments  f  were  of  much  greater 
importance,  for  they  showed  that  nickel  could  be  obtained  as  a 
lustrous,  silvery  white,  thin  deposit  from  solutions  of  the  double 
sulphate  of  nickel  and  ammonium.  Reference  will  be  made 
hereafter  to  developments  of  this  process. 

Andre's  Process. — The  first  specification  relating  to  the 
extraction  of  nickel  originated  with  R  Andr6,t  who  proposed 
that  <' nickel-mattes,  speise,  or  impure  nickel-cobalt  and  copper 
compounds  should  be  connected  with  the  positive  pole  of  a 
generator,  and  be  suspended  as  anodes  in  dilute  sulphuric  acid. 
Oopper  or  carbon  plates  are  used  as  cathodes  to  receive  the 
deposit  of  pure  copper,  for  the  nickel  passing  into  the  solution  is 
not  deposited  so  long  as  the  electrolyte  is  cu;id.  In  order  to 
separate  every  trace  of  copper  from  the  solution,  a  carbon  plate 
is  substituted  towards  the  end  of  the  operation  for  the  matte 
or  alloy  employed  as  the  positive  pole.  The  copper  is  then 
deposited  very  rapidly  by  the  current,  so  that  there  remains 
a  weak  acid  solution  of  nickel  sulphate  containing  a  little  iron. 
A  small  quantity  of  ammonia  is  then  added  to  the  solutiou,  and 
air  is  passed  through  it  whilst  it  is  being  evaporated  in  leaden 
pans.  The  iron  is  thus  separated  as  the  flocculent  hydroxide, 
and  is  removed  either  by  sedimentation  or  by  filtration.  Pure 
nickel  sulphate  could  then  be  obtained  from  the  solution  by 
concentration. 

"  In  order  to  recover  metallic  nickel  from  this  solution,  the 
iron  is  first  removed  in  the  manner  indicated,  and  then  the  nickel 
is  deposited  on  carbon,  nickel,  or  black-leaded  copper  anodes,  the 

*  [The  electro-deposition  of  thick  plates  of  nickel  has,  however,  been 
snccessfuUy  carried  on  for  some  time  by  Messrs.  Thomas  Bolton  &  Sons,  of 
Cheadle,  who  are  usinff  nearly  neutral  solutions,  in  England,  and  by  the 
Balbach  Smeltins  and  Refining  Co.  in  New  Jersey,  who  have  been  engaged 
in  refining  nickel  anodes  containing  about  95  per  cent,  of  nickeL  But  the 
details  of  the  processes  in  use  have  not  yet  transpired. — Translatob]. 

t  JaumtU/ur  praktuehe  Cfumie,  vol.  xxx.;  p.  267. 

t  German  Patent  804S,  Nov.  1,  1877. 
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solution  having  first  been  made  ammoniacal.  Carbon  or  platinum 
anodes  cannot  be  used,  because  the  current  from  the  dynamo 
would  then  be  rapidly  diminished  by  polarisation;  iron  or 
zinc  should  therefore  be  employed,  bat  as  these  dissolve  under 
the  influence  of  the  current,  the  positive  and  negative  electrodes 
must  be  separated  by  a  double  membrane,  and  the  liquid  between 
the  two  membranes  must  be  drawn  off  from  time  to  time  to  pre- 
vent the  mixing  of  the  iron  (or  zinc)  sulphate  solution  formed  at 
the  anode  with  the  nickel  solution.  In  this  manner  the  nickel 
ores  of  New  Caledonia  may  be  made  to  yield  pure  nickel  from 
their  solution  in  sulphuric  or  hydrochloric  acid, 

"  By  suspending  the  matte,  speise,  or  the  like  as  anodes  in  an 
ammoniacal  bath,  copper  and  nickel  are  deposited  simultaneously, 
and  this  alloy  can  be  treated  again  after  its  removal  from  the 
carbon  plates.'* 

The  impression  produced  by  this  specification  is  not  very 
satisfactory.  In  the  first  place  the  iron  is  to  be  removed  with 
great  care,  and  yet  the  use  of  iron  anodes  is  recommended. 
There  is  no  fear  of  iron  dissolving  in  ammoniacal  solutions,  for 
under  these  circumstances  the  iron  plates  become  rapidly  covered 
with  a  film  of  ferric  oxide,  but  the  electrolyte  remains  almost 
free  from  iron,  provided  it  is  kept  ammoniacal.  At  the  same 
time  there  will  very  soon  be  left  no  iron  anode  capable  of  being 
oxidised  and  therefore  of  acting  as  a  depolarising  agent ;  but  in 
its  place  there  will  be  an  anode  of  the  completely  inactive  ferric 
oxide,  which  cannot  serve  as  a  depolariser.  Zinc  may  be 
employed  instead  of  iron,  and  as  it  dissolves  in  the  electrolyte 
depolarisation  is  ensured.  So  expensive  an  agent  as  the  electric 
current  would  generally  be  used  in  refining  only  to  ensure  the 
production  of  a  pure  metal,  but  it  has  so  far  been  found 
impossible  to  obtain  a  deposit  of  pure  nickel  from  solutions 
which  contain  more  than  a  mere  trace  of  zinc. 

Farmer's  Process. — Some  ten  years  later.  Farmer*  patented 
in  America  an  apparatus  which  was  to  be  used  in  the  production 
of  nickel  plate.  In  Figs.  187  and  188,  A  A  are  tanks,  such  as 
are  commonly  used  for  the  electro-deposition  of  metals.  In  the 
upper  part  of  these  vessels  are  rollers,  B,  made  of  wood,  stone, 
or  other  non-conducting  substance,  provided  with  coverings  of 
canvas  or  similar  material,  so  arranged  that  the  rollers  may  be 
easily  withdrawn  from  them.  These  rollers  serve  to  maintain 
the  open-ended  hollow  cylinders,  £,  in  continuous  slow  rotation. 
The  cylinders  are  made  of  brass  or  copper,  and  serve  as  cathodes ; 
they  are  kept  from  lateral  motion  by  the  flanges,  C,  C,  attached 
to  the  rollers.  The  nickel  plates,  E',  are  bent  into  half-cylinders, 
and  are  used  as  anodes.  .  The  metal  arm,  F,  which  is  free  to  turn 
about  an  elbow  joint  in  a  vertical  plane,  carries  a  roller,  D  (also 
made  of  conducting  material,  and  mounted  on  c),  by  which  the 

*  U.S.  A.  Patent  381,004»  April  10,  1S8S. 
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oylinder,  E,  ib  preaaei)  into  contact  with  the  rollers,  B  B,  and  is 
connected  with  the  negative  [xile  of  the  electric  generator. 

During  electrolysis  the  tanks  are  filled  with  a  nickel  solo- 
tion  to  the  level  shown  in  the  figares,  the  double  sulphate  or 
nitnttfl  of  nickel  and  ammonium  being  recommended  for  the 
parpose.  The  current  enters  b;  the  anode,  E',  of  the  apparatus 
on  the  right,  and  passes  through  the  electrolyte  to, the  cylinder, 
E,  which  makes  one  revolution  in  the  minute,  the  motion  being 
derived  from  the  rollers,  B  B,  rotated  by  means  of  the  pulley,  P. 
From  the  cylinder,  £,  the  current  passes  through  the  roller,  D, 
and  the  arm,  F,  to  a  wire  which  conducts  it  to  the  next  bath; 


Fig.  187.— Farmer's  nickel  depositing  plant  (longitndinal  section]. 


Fig.  ISS.— Farmer's  uickel  depoailing  plant  (crou-aeotion). 

and  thence  it  returns  to  the  opposite  pole  of  the  generator,  either 
immediately  or  after  passing  through  one  or  more  other  tanks. 

If  the  object  of  the  apparatus  were  merely  the  alteration  in 
the  outward  shape  of  metals  (especially  of  nickel),  the  means 
would  be  found  very  exjjensive,  and  would  not  be  likely  to  dis- 
place older  and  well-tried  methods.  A  combination  of  metal 
refining  with  the  production  of  articles  of  some  special  shap^ 
such  aa  tubea  or  plates,  is  conceivable,  but  no  mention  is  meide 
of  such  an  intention,  nor  would  it  be  of  any  service  at  present 
in  the  treatment  of  nickel.  The  metallic  impurities  of  nickel 
cannot  well  be  separated  by  purely  electrical  means,  at  least,  if 
the  nickel  u  to  be  obtained  in  the  metallic  condition  in  the 


398  BLBCTRIC  BMBLTIKG  AND    REPINIMO. 

same  operation.  With  the  current  density  that  is  necessary 
for  the  deposition  of  nickel  nearly  all  metallic  impurities  would 
also  be  separated. 

The  BasBe-Selve  Prooess. — The  firm  of  Basse  and  Selve* 
have  patented  a  process  for  the  separation  of  nickel  from  iron, 
cobalt,  and  zinc  in  a  solution  containing  salts  of  all  these 
substances.  The  neutral  or  slightly  acid  aqueous  solution  of 
iron,  zinc,  or  cobalt,  together  with  the  nickel  salt,  is  first  mixed 
with  a  sufficient  quantity  of  an  organic  compound  that  is  able  to 
prevent  the  precipitation  of  ferrous,  or  ferric,  oxide,  zinc  oxide, 
or  cobaltous,  or  nickelous,  oxide,  by  the  addition  of  alkalies ;  a 
concentrated  solution  of  caustic  potash  or  soda  is  then  added  in 
moderate  excess,  and  the  mixture  is  submitted  to  electrolysis. 

With  a  current  of  0*3  to  1  '0  ampere  ( 1  per  sq.  decimetre) 
iron,  cobalt,  and  zinc  separate  at  the  cathode.  The  nickel 
either  remains  in  solution,  or  (especially  by  long-continued 
electrolysis)  separates  in  part  as  hydroxide,  according  to  the 
concentration  of  the  alkaline  liquid.  When  the  solution  is  very 
alkaline  and  the  electric  current  is  moderately  strong  (1  ampere 
or  over),  a  small  proportion  of  the  nickel  separates  out  as  black 
oxide  on  the  anode ;  but  this  black  deposit  vanishes  if  it  be  left 
for  some  time  in  contact  with  the  alkaline  organic  liquid  after 
the  current  has  been  broken. 

To  obtain  the  nickel  in  the  metallic  condition,  the  alkaline 
solution,  from  which  the  iron,  cobalt,  and  zinc  have  been 
removed,  is.  mixed  with  sufficient  ammonium  carbonate  to  con- 
vert all  free  caustic  alkali  into  carbonate,  and  it  is  then 
electrolysed.  It  is  not  necessary  for  the  electrolytic  separation 
of  iron,  cobalt,  and  zinc  that  the  nickel  oxide  should  be  dissolved 
in  the  electrolyte ;  it  is  sufficient  that  the  metals  to  be  separated 
should  be  entirely  dissolved,  and  the  nickel  may  then  be  present 
in  the  form  of  precipitated  nickelous  hydroxide. . 

Either  tartaric  or  citric  acid,  glycerine,  dextrose,  or  other 
organic  compounds  may  be  employed  to  retain  the  metals  in 
solution  in  presence  of  free  alkali,  but  the  first  named  affords  the 
most  satisfactory  separation. 

The  Hoepfher  Frocess. — Hoepfnerf  prepares,  in  the  first 
place,  a  purified  neutral  solution  of  nickel  by  any  known  method; 
this  is  then  acidified  with  a  weak  and  feebly-conductant  oxygen 
acid  (e.^.,  citric  or  phosphoric  acid),  and  is  electrolysed  with 
the  aid  of  insoluble  anodes.  The  anodes  are  immersed  in  cells 
oontaining  a  solution  of  the  chlorides  of  more  electro-positive 
metals.  Vertically-mounted,  rotating  or  oscillating  plates  serve 
as  cathodes.  The  formation  of  spongy  masses  is  prevented  by 
the  application  of  movable  brushes  or  pads,  and  the  electrolyte 
is  kept  in  brisk  motion  by  means  of  pumps. 

*  German  Patent,  64,251,  Dec.  22,  1891. 
t  English  Patent  13,336, 1893. 
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The  anodes  may  be  made  of  some  metal  that  is  partly  or 
wholly  soluble  in  the  solution,  in  place  of  those  recommended, 
but  in  that  case  some  more  electro-positive  metal  (zinc),  which 
will  not  be  deposited  with  the  nickel,  must  be  used. 

It  is  proposed  to  adapt  the  same  method  to  the  separation  of 
cobalt,  zinc,  lead,  tin,  or  copper. 

The  Biokets  Process. — Rickets'*^  process  for  the  separation 
of  nickel  and  copper  does  not  appear  to  give  great  promise 
of  success.  It  consists  in  electrolysing  the  salts  of  the  two 
metals  in  solution  after  the  addition  of  alkaline  sulphates. 
While  the  copper  is  deposited  on  the  cathode,  and  the  solution 
becomes  more  acid  in  consequence,  the  nickel  separates  at  the 
bottom  of  the  vessel  in  the  form  of  a  nickel -alkali -metal  sul- 
phate, this  salt  being  less  and  less  soluble  in  the  increasingly 
acid  liquid. 

Deposition  of  Pure  Nickel  and  Cobalt.  —  Finally,  the 
processf  may  be  described  by  which  Bischoff  and  Thiemann 
deposited  the  pure  metal  used  by  01.  Winkler  in  his  researches 
on  the  atomic  weights  of  nickel  and  cobalt. 

For  the  production  of  nickel,  a  solution  of  the  purest  nickel 
sulphate  was  used,  containing  32-84  grm.  of  nickel  per  litre. 
The  electrolyte  prepared  with  this  contained : — 

200  C.C.  nickel  sulphate  solution. 

30  grm.  ammoDium  sulphate. 

50  grm.  ammonia  (of  0 '905  sp.  gr.). 
250  C.C.  water. 

Since  nickel  deposited  upon  platinum  is  with  difficulty 
detached  from  its  surface,  a  highly  polished  nickel  plate,  9*7  cm. 
long  by  7*9  cm.  wide,  was,  with  advantage,  used  as  cathode, 
whilst  a  platinum  plate  was  opposed  to  it  as  anode.  A  dynamo 
was  employed  as  generator,  and  a  resistance  was  placed  in  the 
circuit,  of  such  strength  that  a  fall  of  potential  of  2*8  volts 
corresponded  to  a  current  of  0*8  ampere.  The  current  density 
was,  therefore,  D^qq  =  0*5  ampere.  As  soon  as  the  nickel  deposit 
had  attained  a  certain  thickness  it  began  to  peel  spontaneously 
from  the  surface  upon  which  it  was  depositing  in  thin,  and 
more  or  less  curled,  flakes,  and  there  was  obtained  13*13  grm. 
of  pure  nickel  in  the  course  of  20  hours.  The  metal  was  white 
and  lustrous,  but,  as  compared  with  cobalt,  showed  a  distinct 
tinge  of  yellow.  No  tarnish  or  specks  of  oxide  were  visible, 
and  the  metal  showed  no  loss  whatever  when  heated  to  redness 
in  a  current  of  dry  hydrogen  which  had  been  previously  purified 
by  passing  over  a  roll  of  red  hot  iron  wire  gauze.  This  proved 
that  the  electro-deposited  nickel  had  been  entirely  metallic  in 
character. 

*  U.S.  A  Patent  514,276,  Feb.  6,  1894. 

f  Zeitschrift/Qr  anarganiache  Ckemie,  voL  viu.,  1895. 
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For  the  production  of  cobalt,  a  pure  sulphate  of  cobalt^  mixed 
with  ammonium  sulphate,  was  prepared  by  heating  purpureo- 
oobaltic  chloride  with  sulphuric  acid.  The  aqueous  solution  of 
this  contained  11*64  grm.  of  cobalt  per  litre;  and  the  electrolyte 
was  made  up  as  follows : — 

100  C.C.  cobalt  sulphate  solution. 

HO  grm.  ammonium  sulphate. 

30  grm.  ammouia  (of  0*905  6p.  gr.). 
500  C.C.  water. 

The  cathode  was  a  platinum  plate  9*4  cm.  long  by  5*9  cm. 
wide,  and  a  similar  platinum  plate  served  as  anode.  The 
strength  of  current  was  0*7  ampere  at  3  volts,  and  the  current 
density  D^^^  =  0*6  ampere.  The  deposited  cobalt  weighed  8*133 
grm.,  of  which  7*319  grm.  separated  from  the  cathode  in  the  form 
of  a  coherent  and  fairly  strong  plate.  The  metal  was  brightly 
lustrous  on  the  side  next  to  the  platinum,  but  on  the  other  side 
it  was  dull  and  grey ;  it  was  not  tarnished,  however,  and  showed 
but  little  oxide.  On  heating  in  pure  oxygen  it  lost  0*23  per 
cent,  in  weight,  so  that  it  must  have  contained  0*55  per  cent,  of 
cobaltic  oxide  (Co^Og  +  2H2O) ;  in  othc^r  words,  0*32  per  cent, 
of  the  total  weight  of  cobalt  had  been  deposited  as  oxide. 

In  a  second  experiment,  the  electrolyte  consisted  of : — 

250  0.0.  oobalt  solution. 

30  grm.  ammonium  sulphate. 

50  grm.  ammonia  (sp.  gr.  =  0*905). 
250  0.0.  water. 

A  polished  nickel  plate,  9  cm.  long  by  7*6  cm.  wide,  was  used 
as  cathode,  and  a  platinum  plate  as  anode.  The  current  strength 
was  0*8  ampere  at  a  pressure  of  3*2  volts,  and  the  current  density 
was  D^  =  0*6  ampere.  The  action  was  stopped  after  30  hours, 
and  an^rded  2*9  grm.  of  metal,  of  which  2*2  grm.  were  easily 
separated  from  the  cathode  in  the  form  of  thin  and  curled  frag- 
ments of  plate.  The  metal  so  obtained  was  in  parts  perfectly 
lustrous,  but  in  many  places  was  flecked  with  brilliant  tarnished 
spots,  or  tinged  with  brown.  On  heating  in  hydrogen,  it  lost 
0*15  per  cent,  in  weight,  which  corresponds  to  0*36  per  cent,  of 
cobaltic  oxide  (Co^Oo  +  2H2O).  Hence  0*21  per  cent,  of  the 
whole  of  the  cobalt  had  been  deposited  as  oxide.  The  deter- 
minations of  oxide  made  in  this  way,  however,  are  likely  to  be 
a  little  too  high,  because  the  deposited  metal  retained  traces  of 
ammonium  salts,  even  after  very  thorough  washing ;  and  these 
were  volatilised  on  heating  in  hydrogen,  affording  a  slight 
brownish  ring  of  deposit  in  the  cooler  part  of  the  tube.  After 
heating  in  hydrogen,  the  cobalt  had  a  uniformly  metallic  appear- 
ance, and  in  parts  formed  plates  with  a  beautiful  lustre.  Its 
colour,  as  compared  with  nickel,  was  distinctly  bluish -white, 
like  that  of  zina 
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Summary. — If  one  might  judge  solely  from  patent  specifica- 
tions, of  which  the  best  known  have  been  more  or  less  fully 
quoted  here,  the  problem  of  extracting  nickel  by  electrolysis  on 
the  commercial  scale  might  be  considered  as  solved.  The  methods 
that  have  been  worked  out  for  electrolytic  analysis  *  show  that 
nickel  may  be  separated  quantitatively  in  the  form  of  a  dense 
and  lustrous  deposit  from  quite  a  number  of  salts.  Again,  the 
processes  are  not  less  numerous  by  which  a  bright  and  adhesive 
coating  of  nickel  may  be  deposited  on  the  more  important  metals. 
The  analyst  and  the  electro-plater  attain  their  respective  objects 
with  certainty,  but  no  process  of  depositing  nickel  continuously 
for  the  industrial  extraction  of  the  metal  has  yet  been  made 
public. 

Since  the  metallurgy  of  copper  f  has  been  taken  as  typical  of 
that  of  nickel,  it  might  at  first  seem  possible  that  the  crude 
nickel  could  be  refined  without  difficulty  after  the  manner  of  the 
electrolytic  process  for  copper.  It  is,  however,  only  necessary  to 
call  to  mind  the  nature  of  the  impurities  in  nickel  to  recognise 
that  this  process  has  no  prospect  of  success.  The  objections  to 
the  direct  electrolytic  treatment  of  nickel  ore  and  matte  will  be 
understood  on  reference  to  the  account  of  analogous  processes  in 
connection  with  copper  extraction. 

There  remain  only  the  wet  processes  for  the  treatment  of  the 
nickel  ores,  which  permit  the  electrolytic  precipitation  of  the 
nickel  after  the  bulk  of  the  impurities  has  been  removed  from 
the  solution  by  precipitation.  But  the  conditions  necessary  for 
such  are : — 

The  best  electrolyte  is  the  sulphate,  and  although  on  the  one 
hand  it  may  with  advantage  exhibit  an  acid  reaction,  yet  on  the 
other  hand  it  must  not  contain  any  of  the  mineral  acids  in  the 
free  condition.  Boric  and  phosphoric  acids,  however,  appear  to 
be  harmless.  Of  basic  solutions  only  those  which  are  am- 
moniacal  can  be  used. 

The  unsatis&ctory  character  and  the  cost  of  working  with 
insoluble,  but  yet  not  indestructible,  anodes  have  been  sufficiently 
explained  already. 

Under  these  circumstances  an  E.M.F.  of  3  volts  must  be 
applied  to  obtain  a  current  density  of  60  to  100  amperes  per 
sq.  metre  [0-04  to  0*65  amp.  per  sq.  in.] ;  and  it  is  only  when 
depolarising  agents,  such  as  organic  acids,  are  present  that  the 
difference  of  potential  may  be  reduced  to  2  to  2*5  volts.  Among 
the  organic  acids  that  are  good  conductors,  and  of  which  the 
price  is  not  prohibitive,  the  author  has  already  recommended  ;|. 
the  use  of  the  sulphonic  acids  of  the  less  valuable  distillation 
products  of  tar. 

*  A  Classen,  QuaniUcUive  Analyse  durch  Elektrolyie,  3rd.  Ed.,  1892. 
tG.  Langbein,  OcUvaniaehe  MetcUlniederschldgef  3rd.  Ed.,  1806. 
t  See  Chapters  on  Lead  and  Zinc, 
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Although  there  is  no  longer  any  difficulty  in  producing  thin 
deposits  of  nickel  which  leave  nothing  to  be  desired  in  respect  of 
soundness,  lustre,  and  colour,  it  has  not  yet  been  found  possible 
even  with  the  greatest  care,  to  obtain  thicker  plates  that  could 
be  subjected  direct  to  mechanical  working.  Even  in  nickel- 
plating,  if  an  extra  thick  coating  be  required,  it  is  necessary 
to  stop  the  process  after  a  certain  thickness  of  nickel  has  been 
deposited,  and  to  coat  this  with  a  thin  film  of  copper  before 
proceeding  further.  Only  in  this  way  will  the  nickel  coating  be 
adhesive,  for  electro^eposited  nickel  shows  a  tendency  to  break 
away,  and  to  flake  off  as  the  thickness  is  increased.  It  may  be 
that  the  cause  of  this  is  to  be  ascribed  to  the  formation  of  an 
almost  imperceptible  film  of  oxide,  as  would  seem  possible  firom 
A.  Winkler's  experiments.  This,  however,  is  only  a  conjecture, 
and  no  sufficiently  inexpensive  method  of  obviating  the  difficulty 
has  yet  been  found. 

Thus  there  is  at  present  no  publicly  described  electrolytic 
process  which,  at  a  sufficiently  reasonable  cost,  can  produce  a 
metal  that  is  capable  of  being  worked  mechanically.  And  so 
long  as  the  electro  -  deposited  nickel  has  yet  to  be  fused  and 
refined  subsequently,  the  commercial  practicability  of  electro- 
lytic methods  must  be  held  in  doubt. 

The  Applications  of  Nickel. — Pure  nickel  is  used  in  con- 
siderable quantities  for  cooking  and  table  utensils.  Nickeled- 
iron  sheet,  made  by  welding  together  nickel  and  iron  plates,  is 
employed  for  similar  purposes.  Many  objects  in  common  use 
consist  of  a  cheaper  metal  electro-plated  with  nickel.  Among 
the  alloys  may  be  included — cupro-nickel  for  coinage,  &c.,  nickel- 
copper-zinc  as  German  silver,  &c.,  and  nickel  iron,  such  as  nickel 
steel  for  armour  plates. 

Cobalt. — Excepting  the  method  described  above  for  the 
production  of  pure  cobalt,  it  will  not  be  necessary  to  enter 
into  details  of  the  treatment  of  this  metal,  inasmuch  as  nearly 
all  that  has  been  written  concerning  nickel  is  equally  applicable 
to  cobalt. 


CHAPTER  XIII. 
METALS  OF  THE  PLATINUM  GROUP. 

There  is  but  little  need  to  refer  to  this  group  of  metals,  since 
there  is  not  much  prospect  of  electrolytic  methods  of  extraction 
being  applied  to  them,  owing  to  the  fact  that  most  of  their  com- 
pounds may  be  readily  decomposed  by  a  slight  expenditure  of 
heat.      Several  methods  of  depositing  and  separating  the  metals 
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by  electrolysis  have  been  published  during  the  last  few  years. 
It  should  be  stated, .  howewer,  that  these  methods  have  been 
mainly  devised  for  purposes  of  analysis  or  electro-plating,  and 
may  therefore  be  found  described  in  such  works  as  those  of 
Classen  and  Langbein,  to  which  reference  has  been  made  so 
frequently.* 

A  process  for  the  separation  of  gold  and  platinum  has  already 
deen  described  in  the  Chapter  relating  to  the  former  metal.  In 
a  similar  way  by  using  a  platinic  chloride  solution  as  electrolyte, 
platinum  may  be  separated  from  certain  other  metals  (iridium 
and  rhodium)  of  this  group. 

The  use  of  the  Siemens  electric  furnace  (see  p.  131)  for  melting 
platinum  has  not  been  successful  owing  to  the  readiness  with 
which  the  carbon  of  the  electrode  passes  over  into  the  platinum; 
and  platinum  containing  carbon  is  inapplicable  to  most  purposes. 
If  platinum  is  to  be  melted  by  electrical  means,  it  will  be  either 
by  placing  the  metal  as  a  resistance  in  a  powerful  electric  circuit, 
or  by  causing  the  electric  ^rc  to  pass  to  the  metal  from  an  elec- 
trode of  the  same  material,  as  Slavianoff  has  proposed  for  use  in 
the  treatment  of  iron  (see  Chapter  on  Iron^  p.  389). 

*  See  also  Translator's  Treatise  on  JSlectro-MetaUurgy, 
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TABLE   I. — Showing  the  Valub  of  Equal  Cubrbvt  Volumes  as 

EXPBBSSKD  IN  AMPBKBS  PER  SQUABE  DeOIMBTRE,  PER  SQUABE  FoOT, 

AND  PER  Square  Inch  of  Electrode  Surface. 


Amperes 
perBqaare 
Decimetre. 

11* 

Es  Amperes 
per  Sqaare  Inob. 

III 

pi 

• 

=  Amperes 
per  Sqaare  Foot. 

8  Amperes 
per  Sqaare  Iqch. 

Amperes 
per  sqaare 
Decimetre. 

s  Amperes 
per  Sqaare  Foot 

s  Amperes 
per  Sqaare  Inch. 

0-05 

0*46 

0-0032 

0-8 

7-43 

0-0516 

6-20 

57-6 

0*4 

0054 

0-5 

0-0035 

0-86 

8 

0-0555 

6-46 

60 

0*4167 

0-077 

0-72 

0-005 

0-9 

8-36 

0-0581 

7 

65*0 

0-4516 

01 

0-93 

0-0064 

0-93 

8-64 

0*06 

7-53 

70 

0-4861 

Oil 

1 

0-0069 

0-97 

0 

0-0626 

7-75 

72*0 

0-5 

015 

1-44 

0  01 

1 

9-29 

0-0645 

8 

74-3 

0-5161 

oa 

1*86 

0-0129 

1-08 

10 

0-0694 

8-61 

80 

0*5555 

0-22 

2 

0-0139 

1-09 

10-08 

007 

9 

83-6 

0-5806 

0*3 

2-79 

0-0193 

1-24 

11-52 

0-08 

9-30 

86-4 

0*6 

0-31 

2-88 

0-oa 

1-39 

12-96 

009 

9-69 

90 

0-6250 

0*32 

3 

0-0208 

1-65 

14-4 

0-1 

10 

92-9 

0-6452 

0*4 

3  71 

0-0258 

2 

18-6 

0-1290 

10-76 

100 

0-6944 

0-43 

4 

0-0278 

215 

20 

0-1389 

10-85 

100-8 

0*7 

0-46 

4-32 

003 

3 

27-9 

01935 

12-40 

115-2 

0-8 

0-5 

4-64 

00323 

310 

28-8 

0-2 

13*95 

129-6 

0-9 

0-54 

6 

0-034S 

3-23 

30 

0-2083 

15-50 

144-0 

1 

0-6 

6-67 

0-0387 

4 

371 

0-2581 

20 

185*8 

1*2903 

0-62 

5-76 

0*04 

4-30 

40 

0-2778 

21*53 

200 

1*3889 

0-65 

6 

0-0417 

4-60 

43-2 

0-3 

30 

278-7 

1-9356 

0-7 

6-50 

0-0452 

5 

46-4 

0-3226 

31 K) 

288 

2 

0-76 

7 

0-0486 

5-38 

50 

0-3478 

32*3 

300 

2-0833 

0-77 

7-20 

0  05 

6 

557 

0-3871 

46*5 

432*0 

3 

1^  this  table  the  carrent  density  may  be  expressed  in  amperes  per  square  dedmetreb 
■qnare  foot,  or  square  inch,  any  one  of  them  being  given.  Tbas  a  carrent  of  1  ampere  per 
sooare  decimetre  has  the  same  electrolytic  Talne  as  one  of  9*39  amperes  per  square  foot,  or 
0*0646  per  square  inch.  To  find  the  Tafae  of  intermediate  numbers  not  shown  abOTS,  add 
together  the  various  numbers  representing  the  hundreds,  tens,  units,  and  decimals  of  the 

I  liven  quantity.    Thus  S7-fi  amperes  per  square  decimetre  <ss  20  -f-  7  +  0*6)  is  equivalent  to 
86-8  +  M  +  4'64  =  265-44  amperes  per  square  foot,  or  1-2908  +  0^16  +  0^0818  s  1'7742  amperes 
per  sqaare  inch. 

Jfote.— This  table  is  re-printed  from  the  TraDsUior^s  TreoHm  on  SUetrO'Mdattunfy. 
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TABLE  n. 

GOMPAUISOir  OF  CiNTIOBADB  AND  FaHRBNHKIT  ThBKMOMBTBR  SgALKS 


Fah. 

Cent. 

Fah. 

Cent. 

Fah. 

Cent. 

Fah. 

Cent. 

Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

Deg. 

32 

0 

752 

400 

1400 

760 

2000 

1093 

100 

37-8 

800 

427 

1472 

800 

2012 

1100 

200 

93*3 

842 

450 

1500 

815 

2102 

1150 

212 

100 

900 

482 

1562 

850 

2192 

1200 

900 

149 

932 

500 

1600 

871 

2372 

1300 

400 

204 

1000 

538 

1652 

900 

2552 

1400 

482 

250 

1022 

550 

1700 

927 

2732 

1500 

500 

260 

1100 

593 

1742 

950 

2912 

1600 

572 

300 

1112 

600 

1800 

982 

3092 

1700 

600 

316 

1202 

650 

1832 

1000 

3272 

1800 

662 

350 

1300 

705 

1900 

1038 

3452 

1900 

700 

371 

1382 

750 

1922 

1050 

3632 

2000 

407 


INDEX. 


A 

Alnmininm, 

Extraction   of    (Falk- 
Schaag),  117. 

ACETTLBNS, 

Prodnction  of,  88. 

»t 

„  (Farmer),  125. 

yf 

properties  and  nses,  98. 

tt 

„  (Faure),  129. 

Alkali-metols,  Classification  of;  16. 

it 

„  (Feldmann),  128. 

Alkaline-earth  metals,  77. 

f* 

„  (Gaudin),  123. 

>> 

„  Classification,  16. 

tt 

„  (Gooch-Waldo), 

>t 

„  Extraction,  78. 

129. 

AUoys,  Sodiam,  67. 

tt 

„  (Gore),  115. 

Alumina-oarbon  anode-cell  rods,  25. 

it 

„  (Grabau),  103, 126, 

Alnmininm, 

101. 

160. 

»» 

alloys,    Reduction    of, 
(Cowles),  105. 

tt 

„  (Graetzel),  22, 123, 

129. 

i> 

aqueous  solutions,  Elec- 

tt 

,,  (Grousilliers),  125. 

trolysis  of,  114. 

If 

„  (Hall,  C.  M.),  142. 

>» 

bronze  (Cowles),  106. 

tt 

„  (Hall,  J.  R),  161. 

if 

carbide,  105. 

it 

„  (Hanrd),  116. 

f» 

Extraction  of,  102. 

it 

„  (Henderson),  127. 

it 

„  at  Froees,  156. 
„  at  Neuhausen,  156. 

»i 

„  (Heroult),  138. 

a 

it 

„  (Jeanson),  116. 

a 

,,  at  Niagara,  149. 

9> 

„  (Kagenbusch),123. 
„  (Kiiiani),  159. 

a 

„  (Beketoff),  103. 

.  it 

a 

„  (Berg),  129. 

it 

„  (Kleiner  -  Fiertz), 

a 

„  (Bernard),  152. 

135. 

»» 

„  (Berthaut),  123. 

tt 

„  (Lossier),  128. 

a 

„  (Bertram),  116. 

it 

„  (Minet),  142,  152. 

f> 

„  (Bogus-Zdziarski), 

tt 

„  (Monckton),  104. 

124. 

>) 

„  (Montgelas,  de), 

a 

„  (Borchers),  157. 

117. 

f» 

„  (Braun),  116. 

it 

„  (Nahnsen-Pfleger), 

» 

„  (Bncherer),  161. 

117. 

91 

,,  (Bunsen),  118. 

tt 

„  (Oerstedt),  102. 

i> 

,,  (Burghardt- Twin- 

«> 

„ (Overbeck- 

ing),  117. 

Niewerth),  116. 

»9 

„  (Case),  129. 

>f 

„  (Pittsburg  Reduc- 

>» 

„  Conditions  of,  150, 

tion  Co.),  149. 

163. 

tt 

„  (Rietz-Herold), 

♦  » 

„  (CorbelH),  116. 

117. 

»9 

„  Cost  of,  151,  152. 

»» 

„  (Rogers),  128. 

»> 

„  (Cowles),  105. 

tt 

„  (Rose),  103. 

it 

„  (Daniel),  128. 

it 

„  (Thomas),  116. 

>» 

„  (Davy),  118. 

>} 

„  (TiUey),  116. 

>> 

„  (DeviUe),  102, 119. 

ft 

„  (Walter),  116. 

>» 

„  (Diehl),  129. 

tt 

„  (Willson),  137. 

i> 

„  (Dixon),  129. 

it 

„  (Winkler),  128. 

408 


INDEX. 


>i 


ti 


»» 


»> 


I) 


Aluminium,  Extraction  of  (Wohler), 

102. 
„  yield  of  metal,  156, 
163. 
Occurrence  of,  101. 
oxide,  Reducibility  of, 

by  carbon,  103. 
Specific  gravity  effused, 

164. 
sulphide,  Eleotrolysia  of 
161. 

„  Uses  of,  166. 

Alum  shale,  102. 
Alunite,  102. 
Amalgam,  Sodium,  by  electrolysis, 

68. 
Amalgamation  of  ores,  238,  261. 

„  Electrical, 

271. 
Amalgams,  317. 
Ampere,  5. 
Anaconda  Company,  copper  refinery, 

202. 
Andres  process  (Nickel),  395. 
Anfflesite,  325. 
Anhydrite,  77. 
Anions,  3. 
AnodCp  4. 

Anodes,  Matte,  Castins  of,  213. 
Anode-reactions,  Use  <»  (zinc)  315. 

„     slime  (copper),  186. 
Antimony,  346. 

Behaviour  in  copper  refin- 
ing, 185. 
Explosive,  348. 
extraction  (Bottcher),  348. 
(Borchers),  348. 
(Classen),  348. 
Conditionsfor,351. 
(Gore),  348. 
„     (Kopp).  359. 
(Luckow),  348. 
(Ludwig),  348. 
(Sanderson),  358. 
(Siemens-Halske), 
359. 
ores,  347. 
properties,  346. 
smelting,  347. 
Applegarth  process  (sodium  alloys), 

68. 
Argentiferous      copper,      Refining;, 

Arrhenius,  1. 

Asbestos,  17. 

Ashcroft  process  (zinc),  307. 

Atkins'  process  (gold),  269. 

„  „       (wdium  alloys),  67. 

Augustin  process  (silver),  239. 


}> 


»♦ 

9* 
If 
f  > 

»> 
•  f 


II 


If 
II 

II 
II 


II 
11 
11 
I* 


B 


Balbach  Smelting  Co.  (nickel),  395. 
Barium,  77. 

carbide,  87,  92. 
Extraction  of,  78,  82. 
Barker's  process  (gold),  265. 
Basse-selve  process  (Nickel),  398. 
Battery,  Theory  of,  5. 
Bauxite,  101. 

Beatson  process  (tin-plate),  320. 
Becquerel  process  (silver-lead),  241, 

331. 
Beketoff  process  (aluminium),  103. 
Benardos  process  (electric  welding), 

386,  387. 
Berg  process  (aluminium),  129. 
Bernard  process  (aluminium),  152. 
Berthaut  process  (aluminium),  123. 
„  „       (magnesium),  19. 

Bertram  process  ^aluminium),  116. 
Beryllium,  40. 
Bessemer  process  (copper),  174. 

,,  „       (iron),  380. 

Birmingham  process  (gold),  269. 
Bischoff-Tiemann's    experiments 

(nickel),  399. 
Bismuth,  342. 

Electrolysis  of,  338,  345. 

Extraction  of,  342. 

-lead.  Separation  of,  338^ 

345. 
ores,  343. 
Refining  of,  344. 
Blas-Miest  process  (zinc),  286. 
Blende,  Zinc,  283. 

Board  of  Trade  unit  of  electricity,  14. 
Bock  process  (gold),  264. 
Body  process  (copper),  223,  272. 

(gold),  268. 
Boguski-Zdziarski    process    (alumi- 
nium, 124. 
Bolton  &  Sons  (nickel  refining),  395. 
Bonnet  process  (gold),  268. 

„      -iPlacet  process  (chromium), 
366. 
Borax,  42. 

Borchers'  electric  furnace,  88, 1 10, 1 1 1. 
process  (alkali  metals),  83, 84. 
„     (aluminium),  110, 157. 
(antimony),  348. 
(calcium  carbide),  88. 
(chromium),  366. 
(lead),  339. 
(magnesium),  27*  28. 
(silver),  253. 
(sodium),  57,  60,  64. 
(sodium  alloys),  72. 
(zinc),  299,  312. 


II 
ff 

99 

99 
II 


l» 
II 
»» 
If 
tl 
II 
It 
II 
11 
II 


«» 

tt 
»l 
11 
»» 
«» 
11 
•  » 


i> 


f  » 


INDEX. 


409 


Borohen  -  Siemens  -  Halske    process 

(copper  refining),  194,  197* 
Bottcner  process  (antimony),  332. 
Braun  process  (alumininm),  116. 
British  Alumininm  Co. ,  162. 
Broken  Hill  ores,  307. 
Bromargyrite,  237. 
Bacherer  process  (alnminium),  161. 
Buff  process  (ma^esium),  17. 
Bull  process  (sodium),  63. 
Bullier  process  (calcium  carbide),  92. 
Bunsen*s  experiments  (alkali  earth 

metals),  78. 
(aluminium), 

118. 
(cerium),  167. 
(chromium), 
364,  365. 
(lithium),  34. 
(magnesium), 
17. 

Bnrghardt  process  (tin),  320. 
„  ,,       (zinc),  298. 

,,       -Twining  (alnmininm),  117. 
Bussy  process  (magnesium),  17. 


>9 


»» 
ft 


it 


>• 


)t 


»• 


»l 


ft 


Cadmium,  316. 
Calamine,  283. 
Calcium,  77. 

carbide,  87. 

,,  Acetylene  from,  88. 
,,  Production     of,      at 
Sprav,  93. 
„    ,,  (Borchers),  88. 
„    „  (Bullier),  92. 
„    „  Cost  of,  94, 96, 97. 
„    „  (Maquenne),  92. 
,,    „  (Travers),  92. 
„    „  (WUlson),  92. 
„  Uses  o(  98. 
extraction,  78. 

„    (Borchers),  83,  84. 
„    (Bunaen),  78. 
„    (Davy),  78. 
„  , ,    ( Matthiessen),  78, 79. 

Carbides,  alkaline-earth.  Production 

of,  87. 
Carbolic  acid  in  adnc  refining,  299. 
Carbon-alumina  (or  magnesia) anodes, 

19,25. 
Carbon  electrodes  (Bunsen's),  18. 
„      Reduction  of  alkaline  earths 

bv,  86,  87. 
„      Reduction  of  aluminium  by, 

103,  109,  110. 
„      Vaporisation  of,  13. 
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CarnaUite,  17,  75. 
Caaarza,  (jopper  extraction  at,  213. 
Case  process  (aluminium),  129. 
Cassell  process  (gold),  272. 

„     Kjellin  process  (zinc),  300. 
Cassiterite,  319. 
Castner  process  (soda),  69. 

„  „      (sodium),  61. 

Cathode,  4. 
Cations,  3. 

Caustic  soda.  Electrolysis  of,  61. 
Cement  copper,  176. 
Cementation  of  steel  (electrical),  382. 
Centigrade  degrees.  Conversion  into 

Fahrenheit,  405. 
Cerite  metals,  165. 
Cerium,  166. 
Cerussite,  325. 

Chaplet's  electric  furnace,  363. 
Char£|e  capacity,  10. 
Chlonnation  of  gold  ores,  262. 
Choate  (zinc  precipitation),  298. 
Chromium,  360. 

extraction  (Bunsen),  365. 
„         (Chaplet),  363. 
„         (Moissan),  362. 
„        Refining  of,  364,  368. 
Cinnabar,  318. 
Clay,  102. 

Classen's  process  (antimony),  348. 
„      (tin),  3-20. 
,,  „      (zinc),  299. 

Cierici  process  (gold),  281. 
Coarse  metal  (copper),  173. 
Cobalt,  293,  402. 
Coehn  process  (zinc),  300,  306. 
Cohen  process  (copper),  234. 
Communion  -  Hiittenwerk    (copper), 

189. 
Copper,  171. 

anodes.  Behaviour  of  impuri- 
ties in,  183. 
anode  mud,  186. 
Black,  175. 
Blister,  174. 
Cement,  176. 
Dry,  176. 

extraction  at  Casarza,  213. 
„  atSchwarzenberg,  234. 
„  atStolberg,  219. 
„  (Body),  223. 
„  (Cohen),  234. 
„  (Hoepfher),  231,  234. 
„  (Marchese),  212. 
„  „      (oost  of),  221. 

„  (Napier),  27. 
matte     refining     (Siemens- 

Halske),  225,  227. 
Native,  172. 
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Copper  ores,  172, 

,,    Calcination  of,  173. 
ozidee,  172. 
Poling  of,  177. 
pyrites,  172. 
refinery.  Anaconda,  202. 
Refininff  of,  176. 

„  Electrolytic,  177. 

„  Cost  of,  198,206. 
„  current  required, 

189,  200. 
„  (Borchers-Sie- 
mens-  Halske), 
194. 
„  (Elkington),  178. 
„  (Graham),  206. 
„  (Hayden),  209. 
,,  (Kiliani's  experi- 
ments), 183. 
,,  multiple  system, 

210. 
„  (Patera),  178. 
„  (Randolf),  209. 
„  (Sohneider-Szon- 

tagh),  200. 
„  Series      system, 

210. 
,,  (Siemens- 

HaUke),    189, 
191. 
„  (Smith),  209. 
„  (Stalmann),  207. 
„  Theory  of,  182. 
„  (Thofehm),  201, 
202. 
smelting,  173. 
sulphides.  172. 
Tough  cake,  177. 
Corbelli  process  (aluminium),  115. 
Corundum,  101. 

Cost  o)  aluminium  extraction,  151, 
152,  163. 
calcium  carbide  production, 

96. 
copper  refining,  198,  206. 
electro-metallurgical    work, 

13. 
Siemens-Halskegold  process, 

278. 
sodium  extraction,  66. 
steam  power,  14. 
,,      water  power,  15 
Coulomb,  5. 

Cowles  electric  furnace,  91, 105, 106. 
,,       smelting  furnace, 
130. 
process  (aluminium  alloys), 
105,  109. 
Cowper-Coles  process  (zinc),  306. 
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Creaol-sulphonic  acid,  in  zinc  refin- 
ing, 299. 
Oroselmire  process  (zinc),  298. 
Cruickshank,  Copper  deposited  by, 

Cryolite,  42,  101. 

„        Specific  gravity  of  fused, 
164. 
Cnpric  compounds,  172. 
Cuprous  compounds,  172. 
Current  density,  10. 

„  ,,        units.  Inter-conver- 

sion of,  404. 
,,       strength,    Relation   of,    to 
weight  of  deposit,  8. 
Currie  process  (zinc),  298. 
Cyanide  process  (gold),  262. 
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99 


Danokwardt  process  (gold),  270. 
Daniel  process  (aluminium),  128. 
Davy's  experiments  (alkaline earths), 

78.  ^ 
„  „        (aluminium),  118. 

t,  ,,        (ma^esium),  17. 

>,  ,,        (sodium),  43. 

Density,  (Ihirrent,  10. 
Deoxidising  agents,  Use  of,  in  zinc- 
deposition,  Sro. 
Depoiarisers  in  copper  -  deposition, 

222. 
,,  ,,  zinc-deposition,  300. 

Depretz  electric  furnace,  104. 
Deville  process  (aluminium),  102, 1 1 9. 
Didymium,  166. 
Diehl  process  (aluminium),  129. 
Dietzel  process  (silver  alloys),  256. 
Dissociation,  Electrolytic,  2. 
Dixon  process  (aluminium),  123. 
Dor^  silver.  Refining  of,  242. 
Double  salts,  Electrolysis  of,  304. 
Dubose  •  Hermite    process    (sodium 
alloys),  69. 
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EDBLMANN-R^tenLBR  proccss  (silver), 

238. 
Edwards  process  (gold),  270. 
Electrical  units,  5. 
Electric  amalgamation  (Atkins  -  Bir- 
mingham), 269. 
„  „     (Barker),  265. 

„  ,,    (Danckwardt),  270. 

„  „    (Edwards),  270. 
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Electric  amalgaination  (Omehling's 

experiments), 
271. 
„     (Haycraft),  270. 
„     (Ludwig),  270. 
„    (Molloy),  268. 
arc.  Bisk  from,  to  eyesight, 

388. 
Construction    Corporation 

fomaoe,  137. 
famace,  Borchers',  88,  110, 
HI. 
Chaplet's,  363. 
Cowles',  91,  105. 
„       (ore-smelt- 
ing), 130. 
Depretz's,  104. 
Electric  Gonstroc- 
lion      Corpora- 
tion's, 137. 
Gerard-Lescnyer's, 

135. 
Grabau's,  136. 
Heroalt's,  139. 
JohnsoQ's     (ore- 

smelting),  130. 
Kleiner-  Fiertz's, 

135. 
Menges*,  134. 
Moissan's,  362. 
Pichou's      (ore- 
smelting),  130. 
Siemens',  131. 
Temperature-  limit 

in,  13. 
WiUson's,  137. 
_,  383. 
Electro-chemical  equivalent,  8. 
Electrode,  4. 

,,  Carbon,  Bunsen's,  18. 

„         -cell,  Grabau's,  37. 
Electrolysis,  1,  6,  8. 

„  of  doublesalts,  304, 305. 

Electrolyte,  3. 

,,  Circulation  of,  187. 

Electrolytic  dissociation,  2. 

„  solution  pressure,  4. 

Electro-magnetic  treatment  of  ores, 

284,  376. 
Electromotive  force,  5. 
Electro-thermic  reduction   of  mag- 
nesium, 31. 
ft  „        work,  12. 

Elkington  process  (copper-refining), 

178. 
Eltonhead  process  (gold),  281. 
E.M.F.  (see  Electromotive  force). 
Equivalents,  Electro-chemical,  8. 
Explosive  antimony,  348. 
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Fahlebz,  237. 

Fahrenheit  degrees,  Conversion  into 

centigrade,  405. 
Falk-Schaag    process    (aluminium), 

117. 
Faraday's  laws  of  electrolysis,  7. 
Farmer  process  (aluminium),  124. 

„  „       (nickel),  396. 

Faure  process  (aluminium),  129. 
Feldmannprocess  (alkaline  earth),  82. 

,,  ,,       (aluminium),  128. 

Fenwick  process  (tin-platescrap),  32 1 . 
Ferro-aluminium,  106. 
•chrome,  268. 
manganese,  372. 
Fischer  process  (ma^esium),  20. 

„  ,,      (sodium),  53. 

Fluor  spar,  77. 

Froges,  Aluminium  extraction  at,  156. 
Frohlich's  researches  (copper  refin- 
ing), 189. 
Fromm  -  Mylius,     Researches      by, 

(zinc),  290. 
Furnace,    Electric     (see      Electric 
furnace), 
„  Perrot,  29. 
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GAiiSNA,  325. 
Garnier-Hillairet's    experiments 

(iron),  382. 
Gamierite,  394. 

Gaudin  process  (aluminium),  123. 
Gaze  process  (gold),  281. 
Gerard-Lescuyer's  electric  furnace, 

135. 
Gmehling's  electro-amalgamation  ex- 
periments, 271. 
Gold,  259. 
Gold  extraction  (Body),  268. 

by  lead,  or  mercury, 

261. 
(Cassel),  272. 
(Clerici),  281. 
(Eltonhead),  281. 
(Gaze),  281. 
(Hannay),  274. 
(Keith),  281. 
(Mac  Arthur- 
Forrest),  262. 
(P^latan),  281. 
(Siemens-Halske), 

278. 
(Stolp),  273. 
„    ores,  260. 


99 

99 
99 
99 
99 
99 
99 
99 

99 
9» 


9f 

91 
99 
99 
99 
99 
99 
99 

99 

99 


412 


INDEX. 


Gold  oreB,  chlorination  process,  262. 
„    cyanide  process,  262. 
,,     Electric  amalgamation  of 
(see    Eltctric  wnudga- 
mation). 
f,    Electrolysis  of,  265. 
„  „     (without  amalga- 

mation), 272. 
-platinnm,  Electrolytic  separa- 
tion of,  264. 
refining,  263. 
•silver-copper.  Electrolysis  of, 

251. 
solutions,  Electrolysis  of,  276. 
Gooch  process  (aluminium),  129. 
Gore's  experiments  (aluminium,  sili- 
con), 115. 
„  (antimony),  348. 

Gorup-Besanez  process  (magnesium), 

20. 
Grabau  electric-furnace,  135. 
,,      eiectrode-cell,  37. 
,,      process     (aluminium),    103, 

125,  161. 
„  ,,         (lithium),  37. 

I,  ,1         (sodium),  55, 59. 

Graetzel  process  (aluminium),  123. 
„  (magnesium),  22. 

Graham    process    (copper-refining), 

206. 
Grousillier  process  (aluminium),  125. 
Guggenheim   Smelting   Co.   (silver- 
refining),  250. 
Guntz  process  (lithium),  38. 
Gutensohn  process  (tin-plate  scrap), 
321. 


H 


Hall  (G.  M.)  process  (aluminium), 
142. 

,,     (J.  B.)  process  (aluminium), 
161. 
Hammond  process  (zinc),  298. 
Hannay  process  (gold),  274. 
Haurd  process  (aJuminium),  116. 
Haycraft  process  (gold),  270. 
Hayden   process    (copper  -  refining), 

209. 
Heinzerling  process  (zinc),  298. 
Hemelingen  Magnesium  Work,  32. 
Henderson  process  (aluminium),  127. 
Hermann  process  (zinc),  289. 
Hermite-Dubose  process  (alkali),  69. 
Herold-Rietz   process   (aJuminium), 

117. 
H^roult  electric  furnace,  139. 
,,        process  (aluminium),  138. 


Hillairet-Garnier's    experiments 

(iron),  382. 
Hillebrandfs  experiments  (cerium), 

169. 
Hiller  process  (alkaline-earth  metal), 

82. 
„  „      (lithium),  35. 

Hittorf,  3. 

Hoepfner  process  (copper),  231,  234. 
„  „      (nickel),  398. 

„  „      (sodium),  47. 

„  ,,      (zinc),  298,  306. 

Hoho  -  Lagrange    process    ( electric 

welding),  389. 
Hornung-Kasemeyer     process 

(sodium),  £3. 
Horse-power,  10. 

,,  Cost  of,  14. 

House-Symon  process  (silver),  251. 


Inquaktation  of  gold,  263. 
Ions,  3. 
Iron,  374. 
„     Electric  cementation  of,  382. 

heating  of  (Lagrange- 

Hoho),  389. 
smelting  furnace  for, 
378. 
„       welding  of  (Benardos), 

386, 387. 
,,       (Slavianoff)y 
389. 
(Thomson), 
383. 

(Zerener), 
391. 
„     Malleable,  375. 
„     ores,  376. 
„     Pig-,  375. 
„     Smelting  of,  378. 
„     Working  of;  383. 
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Jabloghkoff  process  (sodium),  46. 
Jeanson  process  (aluminium),  116. 
Johnson  process  (aluminium),  130. 
Jory  process  (gold),  275. 

K 

Eaoenbusch   process   (aluminium), 

123. 
Kasemeyer-Hornung     process 

(sodium),  53. 
Keith  process  (gold),  281. 
„  (lead),  333. 
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Keith  process  (lead),  (Cost  of),  335. 
Kellner  process  (anialgam),  70. 
Eiliani's  experiments  (copper  refin- 
ing), 183. 

f,  ff  (zinc),  289. 

„        process  (aluminium),  159. 
Kilowatt-hour,  14. 
King  furnace  (calcium-carbide),  94. 
Kiss  process  (silver),  239. 
Kiellin  process  (zinc),  300. 
Kleiner-Fiertz  furnace,  135. 
Elnofler  process  (magnesium),  31. 
Kohlrausch,  3. 

Kopp  process  (antimony),  359. 
Kosmann  process  (zinc),  299. 
Krupp  process  (chromium),  368. 
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Laoranob-Hgho    process   (electric 

welding),  389. 
Lange-Kosmann  process  (zinc),  299. 
Lanthanum,  166. 
Laval  (de),  electric  furnace,  378. 
Lead,  325. 

-bismuth.  Separation  of,  338, 

345. 
extraction,  326. 

(Becquerel),  331. 
(Borchers),  339. 
by  electrolysis  of 
fused  salts,  338. 
(Keith),  333) 
„  (Tonmiasi),  337. 

Market-,  237. 
ores,  325. 
Refining  of,  330. 
smelting,  3i26. 
-sodium  alloys,  71. 
,,      spongy,  Uses  of,  338. 
„      Work-,  237. 
Le  Chatelier  process  (aluminium),  122. 
Letrange  process  (zinc),  297. 
Liebig's  experiments  (magnesium),  17. 
Lime,  Reduction  of,  by  carbon,  86, 87. 
Lindemann  process,  (zinc),  301. 
Linnemann  process  (potassium),  76. 
Lithium,  33. 

extraction  (Guntz),  38. 
(Hiller),  35. 
(Matthiessen), 

34. 
(Troost),  34. 
Lloyd-Lloyd,  Electric  welding  by, 

387. 
Lorenz  process  (zinc),  315. 
Lossier  process  (aluminium),  128. 
Lnokow  process  (antimony),  348. 
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Luckow  process  (zinc),  286,  296. 
Ludwig-Classen  process  (antimony), 
348. 
„       process  (gold),  270. 
Lyte  process  (lead),  333. 


M 


MacArthur-Fobrbst  process  (gold), 

280. 
Magnesia-carbon  anodes,  19,  25. 
Magnesinm,  16. 

„  Electro-thermic  reduc- 

tion of,  31. 
„  extraction    (Berthaut), 

19. 
„  „     (Borchers),  27. 

„    (Buff),  17. 
,,  „    (Bunsen),  17. 

„  „     (Bussy),  17. 

„    (Davy),  17. 
„  „     (Fischer),  20. 

„  „    (v.  Gorup- 

Besanez),  20. 
„  „     (Graetzel),  22. 

„     (Kn5fler),  31. 
, ,  } ,     ( Ledderboge),  31. 

„  „     (Liebig),  17. 

},  ,,     (Matthiessen),  19. 

„  „    (Napier),  27. 

,,  Melting    of  electro-de- 

posited, 31. 
Magnetic   separation  of  iron  ores, 

284,  376. 
Manganese,  371. 
Maquenne  process  (calcium  carbide), 

92. 
Marchese  process  (copper),  212. 
Market-lead,  237. 
Matte-anodes,  Casting  of,  213. 
Mattes,  Copper-,  Treatment  of,  211. 
Matthiessen's  experiments  (alkaline* 

earth  metals), 
78,  79. 
„    (Uthium),  34 
,,    (magnesium),  19. 
91    (potassium),  76. 
Menges'  electric  furnace,  134. 
Mercury,  317. 

Miller  process  (gold-refining),  263. 
Minet  process  (aluminium),  142, 152. 
Moebius*  process  (silver),  243. 
Moissan's  electric  furnace,  362. 

process   (aluminium    car- 
bide), 105. 
„        (chromium),  362. 
Molloy  process  (electric-amalgama- 
tion), 268. 
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Molybdennm,  368. 

Monckton     prooess      (alamiDinm), 

104. 
Mond  process  (nickel),  394. 
Montgelas  (de)  process  (alaminium), 

117. 
Mud,  Anode-,  (copper),  186. 
Mylia8-Fromm*B  experiments  (zinc), 

290. 


N 


Nahnben's  experiments  (zinc),  290, 
303. 

frocess  (zinc),  303. 
fleger    process    (alumi- 
nium), 117. 
Napier's  electrolyte  cell,  27. 
Nernst,  1. 

Netto  process  (sodium),  43. 
Neuhausen,  Aluminium   extraction 

at,  139,  156. 
Niagara  eleotro-metalluTgical  works, 

94,  149. 
Nickel,  393. 

,,   electroljrtic  treatment  (Andr^), 
395. 
„  (Basse-SelTe),  398. 
„  (Bischoff-Thiemann), 

399. 
„  (Farmer),  396. 
„  (Hoepfner),  398. 
Niewerth-Overbeok  process  (alumi- 
nium), 116. 
Niewerth  process  (sodium),  63. 
Norddeutschen  Affinerie,  189. 
Norton's  experiments  (cerium),  169* 


Oebstbdt's  experiments  (alumini  nm), 

102. 
Ohm,  5. 

Omholt  process  (sodium),  49. 
Organic  substances,  Use  of,  in  lead 

electrolysis, 
336. 
Use  of,  in  zinc 
electrolysis, 
299. 

Osmotic  pressure,  1. 
Ostwald,  1. 

Overbeck-Niewerth  process  (alumi- 
nium), 116. 
Oxides,  Reduction  of  all,  by  carbon, 
13. 
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Pabk£S  process  (silver),  238,  287. 
Patera  process  (copper),  178. 

„  „       (silver),  239. 

Pattinson  process  (silver),  238. 
P^tan-Clerici  process  (gold),  281. 
Pennsylvania  Lead  Ck>.  (silver),  248. 
Pepys^ electrical  heating  process,  104. 
Perrot  furnace,  29. 
Pertsch  process  (zinc),  300. 
Pfleger-Nahnsen  process  (aluminium) , 

117. 
Pichou  furnace,  130. 
Pittsburg  Reduction  Co.  (aluminium), 

149. 
Placet-Bonnet  process  (chromium), 

366. 
Platinum  metals,  402. 
Plattner  process  (gold),  262. 
Polarisation,  6. 
Poles,  4. 
Potassium,  75. 

cyanide.  Electrolysis  of^  76. 
extraction  (Linnemann),  76. 
„        (Matthies8en),76. 
Potential,  5. 

„  Calculation  of,  11. 

Power,  Cost  of,  14,  15. 

,,      Waste  of,  in  works,  100. 
Pressure,  Electrolytic  solution,  4. 

,,         Osmotic,  1. 

„         Solution,  2. 
Price  process  (tin-plate  scrap),  321. 


R 


Randolt  process  (copper  refining), 

209. 
Reduction,  Electro-thermic,  of  mag- 
nesium, 31. 
Reinbold  process  (aluminium),  116. 
Rickets  process  (nickel),  398. 
Rietz-Herold   process    (eJumininm), 

117. 
R5ssler  process  (gold),  263. 
„  .,       (silver),  238. 

„      -Eaelmann      process     (zino- 
silver),  286. 
Rogers  process  (aluminium),  128. 
„         „       (sodium),  47. 
„         „       (sodium  alloys),  71. 
Russell  process  (silver),  240. 


Sanderson  process  (antimony),  358. 
Schaag-Falk    process    (aluminium), 
117.  _ 
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Sohmollnitz  waters.  Treatment  of, 

178. 
Sohneider-Szontagh  process  (copper), 

200. 
Schwarzknpfer,  175. 
Senet  process  (aluminimn),  116. 
Siemens  electric  furnace,  131. 
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THE   DESIGN   OF   STRUCTURES: 

Praotleal  TvaMmm  on  th«  BuUdlnir  of  BricUrMW  Boofti,  Ae. 

By   S.   ANGLIN,   CE., 

If  aster  of  Engineering,  Royal  University  of  Ireland,  late  Whitworth  Sdiolar,  ftc 

With  Tery  numerous  Diagrams,  Examples,  and  Tables. 
Large  Crown  8yo.    Cloth. 

Second    Edition,    Beviaed,     16b. 


The  leading  features  in  Mr.  Anglings  carefully-planned  "  Design  of  Struc- 
tures ''  may  be  briefly  summarised  as  follows  :^ 

1.  It  supplies  the  want,  long  felt  among  Students  of  Engineering  and 
Architecture,  of  a  concise  Text- book  on  Structures,  requiring  on  the  part  of 
the  reader  a  knowledge  of  Elementary  Mathematics  only. 

2.  The  subject  of  Graphic  Statics  has  only  of  recent  years  been  generally 
applied  in  this  country  to  determine  the  Stresses  on  Framed  Structures ;  and 
in  too  many  cases  this  is  done  without  a  knowledge  jof  the  principles  upon 
which  the  science  is  founded.  In  Mr.  Anglings  work  the  system  is  explained 
from  FIRST  principles,  and  the  Student  will  find  in  it  a  valuable  aid  in 
determining  the  stresses  on  all  irregularly-framed  structures. 

3.  A  large  number  of  Practical  Examples,  such  as  occur  in  the  every-day 
experience  of  the  Engineer,  are  given  and  carefully  worked  out,  some  being 
solved  both  analytically  and  graplucaliy,  as  a  guide  to  the  Student 

4.  The  chapters  devoted  to  the  practical  side  of  the  subject,  the  Strength  of 
Joints,  Punchmg,  Drilling,  Rivetting,  and  other  processes  connected  with  the 
manufacture  of  Bridges,  Roofs,  and  Structural  work  generally,  are  the  result 
of  MANY  years'  EXPERIENCE  in  the  bridge-vard ;  and  the  information  given 
on  this  branch  of  the  subject  will  be  found  of  great  value  to  the  practical 
bridge-builder. 


"Students  of  Engineering  will  find  this  Text-Book  iuvalv  ablr^— Arvkiitci. 

"The  author  has  certainly  succeeded  in  producing  a  thoroughly  practicax.  Text- 

"We  can  unhesitatingly  recommend  this  work  not  only  to  the  Student,  as  the  bist 
Tbxt>Booic  on  the  subject,  but  also  to  the  professional  engineer  as  an  excsbdinclt 
VALUABLB  book  of  reference.  "->ilfrcAa«>*ra/  World. 

"This  work  can  be  conpidsntly  recommended  to  engineers.  The  author  has  wisely 
chosen  to  use  as  little  of  the  higher  mathematics  as  possible,  and  has  thus  made  his  book  w 
KBAL  USB  TO  THB  PRACTICAL  BMGiNBBR.  .  .  .  Alter  careful  petusal,  we  have  nothiBg  but 
praise  for  the  work.*'— iVa/ttrir. 
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with  keen  interest  to  the  appearance  of  Vol.  ll."--JounMl  of  Gas  Lighting. 
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I.  Sulphuric  Acid  Manufacture. 
IL  Manufacture  of  Alkali,  ftc. 
in.  Bestructiye  Distillation. 
IV.  Artificial  Manure  Manufacture, 
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VL  Lime  and  Cement. 
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vm.  Sugar  and  Starch. 
DC.  Brewing  and  Distilling. 
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CONTENTS. 

XL  Soap  and  Candles. 
Textiles  and  Bleaching. 
Colouring  Matters,  Dyeing,  and 

Printing. 
Paper  and  Pasteboard. 

Pl^ents  and  Paints. 
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ASSAYING  (A  Text-Book  of): 

For  tk€  U9e  of  Students,  Mine  Managers^  Aaeayera,  de. 
By  C.  BERINGER,  FC.S., 

Late  Chief  Ateajer  to  the  Rio  Tlnto  Copper  Company^  Londoa, 

And  J.  J.  BERINGER,  F.I.C.,  F.C.S., 

Public  Analyst  for,  and  Lecturer  to  the  MiainK  Association  of,  ComwalL 

With  Duistfous  Tables  and  Illustrations.      Crown  8vo.     Clotht  io/& 

Third  Edition;  Renseti 

GixnAL  CoNTSNTS.  —  Pakt  I  —  Intkoductoky  :  MANirvLaTioN :  SampKm; 
Drying:  Calculation  af  Results— Laboratory-books  and  Reports.  Mbthods:  Dry  Gravi- 
methc;  Wet  GraTimetric— Volumetric  Assays:  Titrometnc,  Colorimetric,  Gasometri^— 
Wei|^uag  and   Measuhnc — Reafents— Formulae,  Equations,  &c. — Specific  Gravity. 

Pawt  II. — Mbtals  :  Detection  and  Assay  of  Silver,  Gold,  Platinum,  Mercury,  Copper, 
Lead,  Thallium,  Bismuth,  Antimony,  Iron,  Nickel,  Cobalt,  Zinc,  Cadmium,  Tin,  Tungsten, 
TilaMUH,  Manganese,  Chromium,  &c.— Eactba,  Alkalies. 

Pakt  III.— Non-Mbtals  :  Oxygen  and  Oxides ;  The  Halogens — Sulphur  and  Sul- 
phates— ^Anenic,  Phosphorus,  Nitrogen — Silicon,  Carbon,  Bovon — Useful  Tables. 

"A  iaiAX.LY  MBaiTOKious  woKr,  that  may  be  safely  depended  upon  cithar  for  ijiliiatic 
iastructicai  or  for  reference.  "-^JVisAmr. 

"  This  work  is  one  of  the  »bst  of  its  kind.    .    .    .    Etaentially  of  a  paactia 
.    .     .    Centaitta  all  t^e  mformation  that  tba  Assayer  will  find  necesaary  in  the 
af  aaiaerals.  * — Enigineer. 


PHOTOGRAPHY: 

9T8  mSTORY,  PMCESSES,  APPARATUS,  AMD  MATEBtALS. 
Comprising  Working  Details  of  all  the  More  Important  Methods. 

By   a.   brothers,   F.R.A.S. 

WJtif  TWENTY-FOUR  FULL  PAGE  PLATES  BY  MANY  OF  THE  PMO- 
CESSES  DESCRIBED^  AND  ILLUSTRATIONS  IN  THE  TEXT. 

In  Svoy  Handsome  Cloth,     Price  i8x. 

General  Contents.  —  Part.  I.  Introductory  —  Historical 
Sketch;  Chemistry  and  Optics  of  Photography;  Artificial  Light — 
Part  II.  Photographic  Processes.^ — Part  III.  Apparatus. — Part  IV. 
Materials. — Part  V. — Applications  of  Photography ;  Practical  Hints. 

"  Mr.  Brothers  has  had  an  experience  in  Photography  ao  large  and  varied  that  any  wock 
by  him  cannot  iail  to  be  interesting  and  valuable.  ...  A  most  compmuibmsivb  volume, 
entering  with  full  details  into  the  various  processes,  and  wxr  nxLLV  illustrated.  The 
PXACTICAL  MINTS  are  of  GREAT  VALUB.  .  .  .  Admirably  gotup.'*—^»»^./»wr.  ftyrffWragmMv. 

**  Far  dia  lUuatrations  aloae,  the  book  is  most  intereatmg ;  hut.  apart  bob  these,  the 
volume  is  valuable,  bri|^y  and  pleasantly  wriClaB,  aad  most  Aoatimaax.'V  aABAMCox*— 
Ph0t0grm^ffkU  N^wn, 

"  Certainhi  the  rmusT  Tu.asTBaTH»  handbook  to  Photography  which  haa  ewr  been 
published.  Should  be  on  the  reference  ahelves  of  every  Photographic  Society. ** — Ammitmr 
PhsUgraphtr. 

*'  A  haadboot  so  (kr  in  advance  of  moat  others,  that  the  Photographer  must  not  hiSi 
tm  ebtaia  a  copy  as  a  reference  wotk." ^PMmtagra^Asc  JVoHl 

**  The  COMPLBTBST  HANDBOOK  of  the  art  which  has  yet  been  puhlialanL''— Jh»/j 
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KOMSTIFta  ASrO  TSOBirOLOSICAL  WOMXS.  7 

WORKS  BY  A.  WTNTER  BLYTH,  H.B.C.SL,  F.aSL, 

BitriBtorftfr-Lftir,  Pablio  Analjat  for  the  Ooimty  of  BeroD,  and  Medical  OAcer  of  Haalih  for 

St.  Marylebone. 

POODS: 

THEIR  COMPOSITION  AND  ANALYSIS. 

In  Demy  8vo,  with  Elaborate  Tables,  Diagrams,  and  Plates.     Handsome 

Clotli.    Fourth  Edition.    Price  21a. 

GENERAIi  OONTBNTS. 
History  of  Adulteration — Legislation,  Past  and  Present — ^Apparatus 
aaahd  to  the  Food- Analyst — *'Ash" — Sugar ^CoaieQtioiienr-«*fiQney — 
TraaciB — Jama  and  Preserved  Fruits— Staroliua*--Wh(a«kAik-Floiiv — Bxwd 
-^Oats— Barley — Rye  —Bice — Maixe  —  Millet  —  Potato —  Peas — Chiame 
P«w  -->  Lentils  -^  Beans  —  Milk  -—  Cream  —  Batter  -*  Oleo-Margarine  -^ 
Butterine — Cheese — Dird — Tea — Coffee — Cocoa  and  Chocolate— Alcoh<^^ — 
Brandy — Bum — Whisky — Gin — Arrack — liqueurs  — Absinthe — Principles 
of  Fermentation  —  Yeast  —  Beer — Wine — Vinesar — Lemon  and  Lime 
Juice — Mnstard — Pepper— Sweet  and  Bitter  Almond— Annatto— Olive 
Oil  —  Water  —  Standard  Solutions  and  Reagents.  Appendix:  Text  of 
English  and  American  Adulteration  Acts. 

PRESS  NOTICES  OF  THE  FOURTH  EDITION. 

^'Simply  iKDisi'BNSABLB  in  the  Analyst's  laboratory/*— 7V^  Lancet. 

**Thk  »TAin>ABD  WORK  on  the  subject.  .  .  .  Every  chapter  and  every  page  gives 
Abundant  r  roof  of  the  atrict  revision  to  which  the  worlc  has  been  subjected.  .  .  .  The 
section  on  Milk  is,  we  believe,  the  most  exhaustive  study  of  the  subject  extant.  .  .  .  An 
f3n>iBPBKSABLK  MAKUAL  for  Analysts  and  Medical  Officers  of  Health."— Ptt6/t'c  Health, 

'*  A  new  edition  of  Mr.  Wynter  Blyth's  Standard  work,  xkriohbd  wrrn  all  thk  bxck^tt 
oiscovKBixs  AND  IMPBOVKHEXTS,  wiU  06  accepted  as  a  boon.*— CActnicat  Newt. 


POISONS: 

THEIR  EFFECTS  AND  DETECTION. 

Tbibj>  Ejution^     In  Large  8vo,  Cloth,  with  Tables  and  Illustrations. 

Price  2l8. 

GENERAL    CONTENTS. 

I. — ^Historical  Introduction.  II. — Classification — StatisticSr-^CoiUMctioii 
between  Toxic  Action  and  Chemical  Composition — Life  Tests— General 
Method  of  Procedure— The  Spectroscope — Examination  of  Blood  and  Blood 
Stains,  III. — Poisonous  Gases.  IV. — Acids  and  Alkalies.  V. — Move 
or  less  Volatile  Poisonous  Substances.  VI. — Alkaloids  and  Poisonous 
Vegetable  Principles.  VII. — Poisons  derived  from  Liring  or  Dead  Animal 
Substances.  ■  VIII. — The  Oxalic  Acid  Group.  IX.— Inorganic  Poisons. 
Appendix :  Treatment,  by  Antidotes  or  otherwise,  of  Cases  of  Poisoning. 

"  Undoubtedly  thb  most  complxtb  wobk  on  Toxicology  in  our  language."— The  Analj/tt  (on 
the  Third  Jrdtfttfn/. 

"  As  a  PBACTicAL  ocibb,  we  know  no  bbttbb  work."— TA«  Lancet  Con  the  Third  BdUton). 

%*  In  the  Thibs  Boitiov.  Enlaited  and  partly  at-wrtttea,  Hsw  ASAimoAL  Kmmam  hMM 
keen  Introduced,  and  the  Cadavbric  Alkaloids,  or  Ptomaihbs,  bodies  playing  so  great  a  pari  In 
Vood'-polMNilttg  and  in  the  Manifastationa  of  Dissase»  have  reeekveA  speelal  atteotloB. 
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MINE-SURVEYING   (A   Text-Book   of): 

For  the  u—  of  Managen  of  MinoM  and  Coiliorie&,  StudonU 
at  the  Boyal  School  of  Minee,  do. 

By  BENNETT   H.   BROUGH,   F.G.S., 

Late  Instnictor  of  Minc-Surveyiag,  Royal  School  of  Mines. 

With  Diagrams.    Fifth  Edition.    Crown  Svo.    Cloth,  71.  6dL 

General  Contents. 

,  General  Explanations — Measurement  of  Distances — ^Miner's  Dial — ^VariatioD  of 
tne  Magnetic-Needle — Surveying  ¥ath  the  Magnetic-Needle  in  mesence  of  Iroo— 
Surveying  with  the  Fixed  Needle-~Gennan  Dial— Theodolite— Traversing  Under- 
ground— Surface-Surveys  with  Theodolite — Plotting  the  Surveys-Calculation  of 
Areas — Levelling— Connection  of  Undereround-  and  SurCace-Surveys — ^Measuring 
Distances  by  Telescope — Setting-out — Mine-Surveying  Problems — Mine  Plans — 
Applications  of  MagneGc-Needle  in  Mining — Afpaidicti, 

"  It  ia  the  kind  c£  book  which  has  long  been  wanted,  and  no  English-speaking  Mine  Agcas 
cr  Mininf  Student  will  consider  his  technical  library  complete  without  it'  — Naturw, 

"  Supplies  a  long-pklt  want."— /fiw, 

'  A  valuable  acccsiory  to  Surveyors  ia  every  department  of  coounercial 


By  WALTER  R.  BROWNE,  M.A.,  M.  Inst.  C.E., 

Late  Fellow  of  Tiinity  College,  Cambridge. 


THE    STUDENT'S    MECHANICSr 

An  Introdaetion  to  the  Study  of  Foree  and  Motion. 

With  Diagrams.     Crown  Svo.    Cloth,  4s.  6d. 

"  Ckar  in  style  and  practical  in  method,  'Thk  Studbnt's  Mkhakics'  is  conSaOy  Is  b» 
recommended  from  all  points  of  view.  *'—A  jJk^mntm, 


FOUNDATIONS    OF    MECHANICS. 

Papers  reprinted  from  the  Engineer,     In  Crown  Svo,  is. 


FUEL    AND    WATER: 

A  Manual  for  Users  of  Steam  and  Water. 
Bt  Pkof.  SCHWACKHOFER  and  W.  R.  BROWNE,  M.A.    (See  p.  <i.) 

LONDON :  EXETER  STREET,  STRAND. 


SCIENTIFIC  AND  TMCHNCLCOICAL  WOBZa.  9 

GAS    MANUFACTURE 

(THE    CHEMISTRY    OF). 

A  Hand-Book  on  the  Production,  Purification,  and  Testing 

of  Illuminating  Gas,  and  the  Assay  of  the  Bye- 

Products  of  Oas  Manufacture.    For  the 

Use  of  Students. 

BY 

W.  J.  ATKINSON  BUTTERFIELD,  M.A.,  F.C.S., 

Head  Chemist,  Gm  Works,  fieckton,  London,  B. 
With  Numerous  Illustrations,    HamUome  Cloth.    Price  9s, 


^  **  The  VERT  WORK  of  its  kind  which  we  have  ever  had  the  pleasure  of  re* 
▼iewing.'* — Journal  of  Gas  Lighting. 


GENEBAIi  CONTENTS. 

I.  Raw    ICaterials  for    Qm  VI.  Final  Details  of  Xaxiu- 

UTanufacture.  fftcture. 

n.  Coal  Gas.  VII.  Gbts  Analysis. 

in.  Carbnretted  Water  Gas.  Vm.  Photometry. 

lY.  Oil  Gas.  IX.  Applications  of  Gas. 

y.  Enriching  by  Light  Oils.  X.  Bye-Prodncts. 


*«*  This  work  deals  priniariljr  with  the  ordinary  processes  of  Gas  Mahufacturb 
employed  in  this  conntry,  and  aims  especially  at  indicating  the  principles  on  whiek 
they  are  hased.  The  more  modem,  bnt  as  yet  subsidiary^  processes  are  fully  treated 
also.    The  Chapters  00  Q<is  Analysis  and  Photometry  will  enable  the  consumer  to 

grasp  the  methods  by  which  the  quality  of  the  gas  he  uses  is  ascertained,  and  in  the 
hapter  on  The  Applications  of  Gas,  not  only  is  it  discussed  as  an  illuminant,  but 
also  as  a  ready  source  of  heat  and  power.  In  the  final  Chapter,  an  attempt  has  been 
made  to  trace  in  a  readily-intelligibie  manner  the  extmction  of  the  principal  derivatives 
from  the  crude  Btk^products.  The  work  deals  incidentally  witn  the  most  modem 
developments  of  the  industry,  including  inter  alia  the  commercial  production  and 
usea  or  acetylene  and  the  application  of  compressed  gas  for  Street  Traction.  The  needs 
of  tile  Students  in  Technical  Colleges  and  Classes  have  throughout  been  kept  in  view. 
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lo  CSARLB8  BMIFFIN  ik  GO.'S  PURUOAViaM& 

WoFks  hj  6BENVILLE  A.  J.  COLE,  M.R.I.A..  F.Q.Sm 

Pkolbssat  of  GeoJocy  in  the  Royal  Collie  of  ScMoce  for  Inland. 


PRACTICAL    GEOLOGY 

(AIDS    IN)t 

JF/r«r  A   SUCTION  ON  PALjSONTOLOGY. 

Second  Edition,  Revised.      With  Illustrations.     Cloth,  xos.  6d. 

GENERAL  OONTENTS.— PART  I.— Sampling  op  the  Easth's 
Crust.  PART  II.— Examination  or  Minerals.  PART  III.-*-Ezamina- 
TiON  OP  Rocks.    PART  IV.— Examination  op  Fossils. 


"  Prof.  Cole  treats  of  the  examination  of  minerals  and  rocks  in  a  way  that  has 
heen  attempted  before  .  .  .  dksbkvimg  of  thb  hicmsst  praisb.  Here  indeed  are 
'Aids '  IKNUMKKABLB  and  INVALUABLE.  All  the  directions  are  giren  with  the  utmost  dear- 
oess  and  precision." — Atlunatum. 

"  To  the  vounger  workers  in  Geology,  Prof.  Cole's  book  will  be  as  imdispbmsablx  at  a 
dictionary  to  tne  learners  of  a  language.  -ASa/arn^s^  Review. 

"That  the  work  deserves  iu  title,  that  it  is  full  of  'Aids/ and  ia  the  highest 
'^niACTiCAL,'  will  be  the  verdict  of  all  who  use  it.** — Nature. 

"  This  BxcsLLBNT  MANUAL  .  .  .  will  be  A  vbxv  gkbat  help.  .  .  .  The 
on  the  Examination  of  Fossils  is  probably  the  bbst  of  its  kind  yet  published.  .  .  .  Full 
of  well-digested  information  from  the  newest  sources  and  from  personal  reaeardi. **— ^w— fa 
^Nat,  HixUry. 


Yi9m  and  Attraetiye  Work  by  Pro£  COOLS, 

OPEN-AIR     STUDIESs 

An  Introduction  to  Geology  Out-of-doors. 

yi/ith  12  Full-Page  IHimimtiona  from  Photogmpfm.     Ciatk,     ia^  6d, 

General  CoNTEyTS. — The  Materials  of  the  Earth — A  Mountain  Hollow 
— Down  the  Valley — Along  the  Shore — Across  the  Plains — Dead  Volcanoes 
—A  Granite  Highland— The  Annals  of  the  Earth— The  Surrey  ]£Ub— The 
Folds  of  the  Mountains. 

**The  PABcnrATiMO  'OpKK-Aiit  Studibs'  of  Prof.  Golb  givo  the  mibjeot  a  ai/xw  ov 
AanxATiov    .    .    .    cannot  fail  to  arouse  keen  interest  in  geolo^.**— Gtotegieo^  Jfayaxftw. 

"KMixBifTLT  rsadablb  .  .  .  evory  small  detail  in  a  aoene  toaohed  with  %  ipofc- 
Vatiietio  kindly  pen  that  reminds  one  of  the  lingering  brush  of  a  Goaafeable."— JKatevA 

"The  work  of  Prof.  Cole  combines  slbqancb  of  stylb  with  bclsktutic  THOiouoBnML**-.- 
Ptt»rmanrC$  Mittheilungen. 

**^The  book  la  worthy  of  its  title:  from  cover  to  cover  it  in  moKO  with  braofa^ 
of  the  mountain  and  tbe  field,  while  its  accitbact  and  TnoBouoniBse  ehow  that  It  ie 
work  of  an  earnest  and  oonscieatious  student    .    .   .    Tail  of  pJotarem— 
are  most  welcome  "~-Natur<U  Seienet. 

**  A  CHAJtMiKO  BOOK,  beautifully  illastrated.**— il/A«fiJVum. 

XX>NDON:  EXETER  STREET.  STRAMIX 
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SEWAGE  DISPOSAL  WORKSs 

A  Guide  to  the  Construction  of  Works  for  the  Prevention  of  th# 
PoUution  by  Sewage  of  Rivers  and  Estuaries. 

BY 

W.  SANTO    CRIMP,   M.Inst.C.K,   F.G.S., 

Late  AiiiitinifhEngineer,  London  County  CounciL 


With  Tables,  Illustrations  in  the  Text,  and  37  Lithographic  Flatea.     Medhaa 

8ya     Handsome  Cloth. 

Second  Edition,  Retised  and  Enlarged.    30s. 


PART  L— Introductory. 


Details  of  Rirer  PoUudons  and  Reoomaenda- 

tions  of  Varioiu  Commissions. 
Hourly  and  Daily  Flow  of  Sewaca. 
The  Pail  System  as  Afkctxag  Sewage. 
Ykt  Sep— atioa  of  Raaa-wutarfroas  tha  Saifaga 


Settling  Tanks. 

Chemical  Processes. 

The  Disposal  of  Sewajfe-aludge. 

The  Preparatioa  o£  LmmL  iov 

posaL 
TaUa  of  Sewage  Farai  Mi 


Sswwua  Di» 


PART  II.— Sewags  Disposal  Works  in  Opkratiow— Thsib 
Construction,  Maintenance,  and  Cost. 

THwtiiiliil  by  Plates  showing  the  General  Plan  and  Arrangement  adopted 

in  each  District. 


Map  of  the  LONDON  Sewage  System. 

Crossness  OutfalL 

Barking  Outfall. 

D— caster  Irrigation  Faim. 

Beddington    Irrigation   Farm,   Borough  of 

Croydon. 
Bedford  Sewage  Farm  Irrigation. 

Hitdiin  Intetmitttnt  VSL- 


Bradford,  Pvecipitatioik 

New    Maiden,   Chrmical 
Small  Filters. 

Friem  BazneL 

Acton,  Ferozone  and  Polarite  Process 

IVbrd,  Chadwell,  and  Dagenham  Woritt 

Coventry. 

Wimbledon. 

Birminghaia 
Merton^  Croydon  Rural  Sanitary  Authority.         Margate. 
Swanwick,  Derbyshire.  Portsmouth. 

The  Ealing  Sewage  Works.  BERLIN  Sewage  Farms. 

Chiswick.  Sewage    Precipitation    Works, 

Kingston-on-Thames,  A.  B.  C  PiuiiM  (Gmaany). 

Salford  Sewage  Works.  Treatment  of  Sewage  by  Electrolysis. 

%*  From  the  fact  of  the  Author's  having,  for  some  years,  had  charve  of  the  Main 
Diainage  Works  of  the  Northern  Section  of  the  Metropolis,  the  chapter  on  London  will  be 
found  to  contain  many  important  details  which  would  not  otherwise  nave  been  available. 

^ "  All  persons  interested  in  Sanitary  Science  owe  a  debt  of  gwatkude  to  Mr.  Crimpw    .    .    . 
His  work  will  be  especially  useful  to  Sanitary  AuTUoairiBS  and  their  advisers    .    .    . 


rBNTLY  PKACTiCAi.  AND  VSKPUL    .    .    .    gives  plans  and  descriptions  of  many  or  THE 
momr  imvobtant  sswacb  woaKS  of  g»g*«n4    .    .    .    with  wry  vaJuable  infontataoo  as  to 
the  COST  of  ooastructioa  and  wwkiag  of  each.    .    .    .    The  carefutty-prepaied  dsai 
■k  of  an  easy  comparison  between  the  different  systems" — Lmtiett 


**rrahably  the  most  ceiinsrs  and  BaarTKBATiSB  on  the  subiect  which  has  ai 
ia  oar  language     .    .         WUl  prove  of  the  greaicst  use  to  ali  who  .have  the 
Sewage  Disposal  to  fiMa^*— , 
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Opiffin's    "Pocket-Book"    Sepies. 

Pocket  Size.    Leather.     With  IllnBtrations.     128.  6d. 


HYGIENE  (A  Hand-Book  of), 

BY 

SURGEON-MAJOR    A.    M.    DAVIE S,    D. P. H. Camb., 

Lftte  Ausistant-Profenor  of  Hygiene^  Anaj  Medical  School. 


General  Contents. 

Air  and  Ventilation — Water  and  Water  Supply — Food  and  Dieting— 
Removal  and  Disposal  of  Sewage— Habitations — Personal  Hygiene — Soils 
and  Sites — Climate  and  Meteorology— Causation  and  Prevention  of  Disease 
— Disinfection. 

"This  ADMiBABiB  HAHDBOOK  .  .  .  givei  VVLL  infomiallon  compressed  into  the  nualleat 
possible  bulk."— ATdin.  Med.  Journal. 

"  The  elegant  dress  of  the  little  volume  before  oa  is  but  the  onter  covering  of  A  tkuit  bioi 
KmKXL,  and  Justly  merits  the  praise  it  spontaneously  calls  forth.  Attractive  to  the  eye^  Saigeoo- 
M%)or  Daviks'  volume  is  equally  attractive  to  the  mind.  Students  will  find  that  its  ttO  pages 
comprise  ali  information  necessary.  Compact,  hahdt,  compkxhbrsivb,  it  certainly  merits  a 
high  place  among  the  text-books  of  the  dtLj."—Sanitary  Beeord. 

**  We  are  glad  to  welcome  Surgeon-Major  Davies'  book  ...  he  has  had  ample  opportanity 
to  make  himself  a  mabtbk  op  thb  scibkgb,  and  he  has  a  right  to  speak.  .  .  .  WoiroBBruuT 
WBI.L  UP  TO  DATE,  Well  and  clearly  written,  pleasant  to  read.' — TAe  Lancet. 

"  Really  an  adkibablb  book.  ...  A  most  ba5dt  wobk  of  bbpbbbxgb  (UU  of  Infonnatton." 
-^Tke  Hospital. 

"  A  singularly  compact  and  elegant  volume  .  .  .  contains  an  admirable  jyr^ois  of  evoythlBg 
relating  to  Hygiene  clbablt  and  looicallt  abbabobd  and  easy  of  reference.  Likely,  we  think, 
to  be  the  favourite  text-book."— />MM<e  Healtk. 


Large  8vo.     Handsome  Cloth.     12s.  6d. 

BLEACHING  &  CALICO-PRINTING. 

A   Short   Manual  for   Students  and 

Practical  Men. 

By    GEORGE    DUERR, 

Director  of  the  Bleaching,  Dyeing,  and  Printing  Department  at  the  Accrlngton  and  Bacup 
Technical  Schools :  Chemist  and  Colourlst  at  the  Irwell  Print  Works. 

Assisted  by  WILLIAM    TURNBULL 

(of  TumbuU  &  Stockdale,  Limited). 

With  Illustrations  and  upwards  of  One  Hundred  Dyed  and  Printed  Patterns 
designed  specially  to  show  various  Stages  of  the  Processes  described. 

"  When  a  bbadt  wat  out  of  a  difUculty  is  wanted,  It  is  iir  books  likb  this  that  it  is  foand."— 
Textile  Recorder. 

"Mr.  Dubbr's  wobk  will  be  found  host  usbful.  .  .  .  The  information  given  of  obbat 
VALUB.    .    .    .    The  ReciQOS  THOROUOHLT  PBACTICAL."— reMiZe  Jlfai»i(Aiee«rer. 
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T\^  ore:  s 

By  J.   R.  AINSWORTH    DAVIS,  B.A, 

PKOmSOR  OF  NOLOGT,  VNITSMITT  OOUXGE,  ABERTSTWTTH; 
EXAMINER  IN  ZOOLOGY,  UNIVERSITY  OF  ABERDEEN. 


DAVIS  (Prof.  Ainsworth):  BIOLOGY  (An  Ele- 

mentary  Text-Book  oQ.    In  large  Crown  8vo,  Cloth.     Second  Edition. 

Part  I.  Vegetable  Morphology  and  Physiology.  With  Complete  Index- 
Glossary  and  128  lUustratioDS.    Price  8s.  6d. 

Paet  II.  Animal  Morphology  and  Physiology.  With  Complete  Index- 
Glossary  and  X08  Illustrations.     Price  los.  6d. 

BACH     PART     SOLD     SEPARATELY. 

%♦  Note — The  Second  Edition  has  been  thoroughly  Revised  and  Enlarged, 
and  includes  all  the  leading  selected  Types  in  the  various  Organic  Groups. 

"Certainly  thb  bbst  'biology'  with  which  we  are  acquainted.  It  owes  its  pre- 
eminence to  the  fact  that  it  is  an  bxcsllbnt  attempt  to  present  Biology  to  the  Student  as  a 
COKRKLATKO  AND  coMPLBTB  sciKNCB.  The  glossarial  Index  is  a  most  useful  addition."— 
British  Mtdical  Journal. 

"  Famishes  a  clkar  and  compsbhbmsivs  exposition  of  the  subject  in  a  ststsmatic 
ff«nn.**—  Smiurday  Revitw. 

"  Literally  packed  with  information.**— <;£ur/Mv  MtdUml Journal. 


DAVIS  (Prof.  Ainsworth):  THE  FLOWERING 

PLANT,  as  Illustrating  the  Pint  Principles  of  Botany.     Large  Crown 
8vo,  with  numerous  Illustrations.     3s.  6d.     Second  Edition. 

"  It  would  be  hard  to  find  a  Text-book  which  would  better  guide  the  student  to  an  accurate 
knowledge  of  modem  discoveries  in  Botany.  .  .  .  The  scisntific  accuiiacy  of  statement, 
and  the  concise  exposition  of  first  pxihciplss  make  it  valuable  for  educational  purposes.  In 
the  chapter  on  the  Physiology  of  Flowers,  taimdmira^U  ritmni  is  given,  drawn  from  Darwin, 
Hermann  Mtlller,  Kemer,  and  Lubbock,  of  what  is  known  of  the  Fertilisation  of  Flowers." 


DAVIS  and  SELENKA:  A  ZOOLOGICAL 

POCKET-BOOK ;  Or,  Synopsis  of  Animal  Classification.  Comprising 
Definitions  of  the  Phyla,  Classes,  and  Orders,  with  Explanatory  Remarks 
and  Tables.  By  Dr.  Emil  Selenka,  Professor  in  the  University  of 
Erlangen.  Authorised  English  translation  from  the  Third  German 
Edition.  In  Small  Post  8vo,  Interleaved  for  the  use  of  Students.  Limp 
Covers,  4s. 
"  Dr.  Selenka's  Manual  wiU  be  found  useful  by  all  Students  of  Zoolpgy.    It  is  a  com i 


Mmaivm  and  successful  attempt  to  present  us  with  a  scheme  of  the  natural  anangenMBt  of 
tha    animal  world." — Edin.  Mod.  Journal. 

''Will  prove  very  serviceable  to  those  who  are  attending  Biology  Lecturer    .    .    .    Tkn 
traailndfln  is  accurate  and  dear."— XMSc/t 


LONDON:  EXETER  STREET,  STRAND. 
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GAS,  OIL,  AND  AIR  ENGINES: 

A    Practical   Text -Book   on    Internal    Combustion   Motors 

without  Boiler, 

By    BRYAN    DON  KIN,    M.Inst.C.E. 

Second  Edition,  Revised  throughout  and  Enlarged.     With  numerous 
additional  Illustrations.     Large  8vo.    25s. 

Gbmrai.  CoNTmNTS.— Gas  Ensines:— Geoeral  Description— -Historv  and  Develop- 
ment— British,  French,  and  German  Gas  Engines — Gas  Production  for  Motive  Power — 
Theory  of  the  Gas  Engine — Chemical  Composition  of  Gas  i«  Gas  Eaginea—Utilisatkn  of 
Heat — Explosion  and  Combustion.  Oil  MotorS  : — History  and  Development — Various 
Types— Pnestman's  and  other  Oil  Engines.  Hot-Air  Ellfflnes :— History  and  Develop- 
ment— Various  Types :  Stirling's,  Ericssons,  &c.,  fee. 

"The  BBST  BOOK  NOW  pUBLisHBD  on  Gas,  Oil,  and  Air  Engines.  .  .  .  Will  be  of 
VERY  GRBAT  INTKRBST  to  the  numerous  practical  engineers  who  have  to  make  themselves 
familiar  with  the  motor  of  the  day.    .    .    .    Mr.    Donkin  has  the   advantage  of   long 

PRACTICAL  EXPKRIBNCB,  combined  with  HIGH  SCIBMTIFIC  AND  BXPKRIMKNTAL  KNOWUQ>GB, 

and  an  accurate  perception  of  the  requirements  of  Ex^ineers." — The  En^inmt, 

"The  intelligence  that  Mr.  Bryan  Donkin  has  published  a  Text-book  should  be  good 
NEWS  to  all  who  desire  reliable,  up-to-date  infoxmation.  .  .  .  His  book  is  uost  timely, 
and  we  welcomed  it  at  first  sight  as  being  just  the  kind  of  book  for  which  everybody  inter- 
ested in  the  subject  has  been  lookincr.  .  .  .  We  hbartily  krcommrnd  Mr.  Ix  * '~*~ 
work.  .  .  .  A  monument  of  careful  labour.  .  .  .  Luminous  and  comivehensive. 
Nothing  of  any  importance  seems  to  have  been  cm\\Xe6."—JoufM€ilofG€uLi£kiai£» 


INORGANIC  CHEMISTRY  (A  Short  Manual  of). 

By  A.  DUPRlfi,    Ph.D.,  F.R.S^  AND    WILSON    HAKE* 

Ph.D.,  F.I.C.  F.CS.,  of  the  Westminster  Hospital  Mediad  SchooL 
SecX)Nd  Edition,  Revised.      Crown  8vo,      Cloth,  7s.  6d. 

'*Awett-writteB,  dear  and  accurate  Elementary  Manual  of  UunguoAC  Chematry.    .    .    . 
We  agree  heartily  in  the  system  adopted  by  Drs.  Dvprtf  and  Hake.    Will  makb  , 
MBMTAL  Work  trbblv  intbrbstinc  bkcausb  intslligibl*."-- tS'M^hmrfay  Rrtrirmt. 

**  There  is  no  question  that,  given  the  PBRrRcr  CROimDiNC  of  the  Student  in  his 
tlie  remainder  comes  afterwards  to  him  in  a  manner  much  more  simple  and  easily  acquired. 
The  work  is  an  sxAMPUi  op  thb  advantagbs  op  thb  Systematic  Treatment  of  a 
Sdeaoe  over  the  fragmentary  style  so  generally  followed.  By  a  long  way  the  best  of  the 
iunall  Manuals  for  Students. '^ — Analyst . 


HINTS  ON  THE  PRESERVATION   OF  FISH, 

IN  REFERENCE  TO  FOOD  SUPPLY. 

By  J.    COSSAR   EWART,    M.D.,  F.R.S.1L, 

Regius  Professor  of  Natural  History,  University  of  Ediabuigk 
In  Crown  8vo.    Wrapper,  6d. 

LONDON :  QCETER  STREET,  STSAXIX 


SaiSKTIFiC  AND  TBOHNOLOGICAL  WORKB.  1$ 

SlCOV ]>  Editioiv,  HeviMd.     Rtyal  Sz«.     Wiih  tmmeroms  IttMSirmHmm  amd 
13  Lithographic  Plates,     Handsanu  Cloth,     Price  y>s, 

BRIDGE-CONSTRUCTION 

(A  PRACTICAL  TREATISE  ON): 

Being  a  Text-Book  on  the  Gonstraction  of  Bridges  in 

Iron  and  SteeL 

FOR  THE  USE  OF  STUDENTS,  DRAUGHTSMEN,  AND  ENGINEERS. 
By   T.   CLAXTON    FIDLER,    M.Inst.CE, 

Prof,  of  Eogneexini:,  UxuTenity  CoUefe,  Dundae. 


*'Sir.  7n>i,KK'B  8UCCE8B  arises  {rom  the  comfamation  of  xztkiiiiencs  and 
sniPLlciTT  OF  TREATMENT  displayed  on  every  page.  .  .  .  Theory  is  kept  ixk 
mbordinatioii  to  practice,  ana  his  book  is,  therefore,  as  useful  to  girder-miucerB- 
ai  to  students  of  Bridge  Construction."— C*  The  Architect "  on  the  Seoomd 

**Of  late  ytara  the  American  treataaes  on  Practical  and  Applied  Mechanica 
hwre  taken  the  lead  .  .  .  since  the  opening  up  of  a  vact  continent  hae 
giv«n  the  American  engineer  a  number  of  new  bridge -problems  to  solTe 
.  .  .  but  we  look  to  the  PRSBBirr  Trxa.tisz  ok  Bbidoi-Cokstbuction,  and 
the  Forth  Bridge,  to  bring  us  to  the  front  again ."—^n^me^*. 

«•  One  of  the  yxRT  but  sioknt  works  on  tiie  Strength  of  Materials  and  ita- 
^jlioation  to  Bridge-Construction.        .    .    Well  repays  a  careful  Study.  "^ 

**▲■  IMDISPBKSABLX  HAjmsooK  forthe  practical  Engineer."— JTaficfe. 


HOW  PLANTS  LIVE  AND  WORK: 

A  Simple  Introduction  to  Real  Life  in  the  Plant-world, 
Based  on  Lessons  originally  given  to  Country  Children. 

By    ELEANOR    HUGHES-GIBB. 

With  Illustrations.     Crown  8vo.     Cloth.     28.  6d. 

*^*  The  attention  of  all  interested  in  the  Scientific  Training  of  the  Young 
is  requested  to  this  delightfully  fresh  and  charming  little  book. 
It  ought  to  be  in  the  hands  of  every  Mother  and  Teacher  throughout  the  land. 

"  The  child's  attention  is  first  secured,  and  then,  in  language  kimplf.,  yet 
SCIENTIFICALLY  ACCURATE,  the  first  lessons  in  plant-life  are  set  before  it." — 
JSatural  Science, 

**  In  every  way  well  calculated  to  make  the  study  of  Botany  attractive  to 
the  young." — Scoteman. 

LONDON:  EXETER  STREET,  STRAICD. 


i6  CHARLES  QRIFFIN  db  00:S  PUBLICAT10N8. 

ORE  &  STONE  MINING 

BY 

C.  LE  NEVE  FOSTER,  D.Sc,  F.R.S., 

PROFESSOR   OK  MINING,   ROYAL  COLLBCB  VF  SCIENCE;    H.M.    INSPECTOR  OF   MINSK. 

In  Large  8vo.    With  Frontispiece  and  716  Illustrations.    54s. 


"Dr.  Foster's  book  was  expected  to  be  epoch-making,  and  it  fully  justifies  such  expec^ 
tation.  ...  A  most  admirable  account  of  the  mode  of  occurrence  of  practically  all. 
KNOWN  MINERALS.   ProbaUy  stands  unrivalled  for  completeness.  "—T'ArJtfMimif'yMfnMil 

GENERAL  CONTENTS. 

INTRODUCTION.  Mode  of  Oocuprence  of  Minerals :  Glassifioation:  Tabular 
Depoaita,  Masses — Examples:  Alum,  Amber,  Antimony,  Araenio,  Asbestos.  Asphalt, 
Baiytes.  Borax,  Boric  Acid,  Carbonic  Acid,  Clay,  Cobalt  Ore,  Copper  Ore,  Diamonds, 
Flint,  Freestone,  Gold  Ore.  Graphite,  Gypsum,  ice,  Iron  Ore,  Lead  Ore,  Manganese 
Ore,  Mica,  Natural  Gas,  Nitrate  of  Soda,  Ozokerite,  Petroleum,  Phosphate  of  Lime 
Potassium  Salts,  Quicksilver  Ore,  Salt,  Silver  Ore.  Slate,  Sulphur,  Tin  Ore,  Zinc  Oreu 
Faults.  Prospecting:  Chance  Discoveries  —  Adventitious  Finds  —  Geolofrv  as  a 
Guide  to  Minerals— Associated  Minerals— Surface  Indications.  Boring:  Uses  ot 
Bore-holes — Methods  of  Boring  Holes:  i.  By  Rotation,  ii.  By  Percussion  with  Rods, 
iii.  By  Percussion  with  Rope.  Breaking  Ground:  Hand  Tools— Machinery- 
Transmission  of  Power— Excavating  Machinery:  i.  Steam  Diggers,  ii.  Dredges, 
iii.  Rook  Drills,  iv.  Machines  for  Cutting  Grooves,  v.  Machines  for  Tunnelling — 
Modes  of  usina:  Holes— Driving  and  Sinking— Fire-setting— Excavating  br  Water. 
Supporting  Excavations:  Timbering— Masonry— Metallic  Supports— Watertight 
Linings— Special  Processes.  Exploitation:  Open  Works :— Hydraulic  Mining — 
Excavation  of  Minerals  under  Water— Extraction  of  Minerals  by  Wells  and  Bore- 
holes—Underground Workings— Beds— Veins— Masses.  Haula^  or  Transport: 
Underground:  by  Shoots,  Pipes,  Persons,  Sledges,  Vehicles,  Railways,  Machinery. 
Boats— Conveyance  above  Ground.  Hoisting  or  Winding:  Motors,  Drums,  and 
Pulley  Frames— Ropes,  Chains,  and  Attachments— Receptacles— Other  Appliances — 
Safety  Appliances— Testing  Ropes— Pneumatic  Hoisting.  Drainage:  Surnice  Water 
—Dams— Drainage  Tunnels— Siphons— Winding  Machinery —  Pumping  Engines 
above  ground— Pumping  Engines  below  ground--Co-operative  Pumping.  Ventila- 
tion: Atmosphere  of  Mines— Causes  of  Pollution  of  Air— Natural  Ventilation — 
Artificial  Ventilation :  i.  Furnace  Ventilation,  ii.  Mechanical  Ventilation— Testing 
the  Quality  of  Air— Measuring  the  Quantity  and  Pressure  of  the  Air— Efficiency  of 
Ventilating  Appliances  —  Resistance  caused  by  Friction.  Lighting:  Reflected 
Daylight— Candles— Torches— Lamps— Wells  Light— Safety  Lamps— Gas— Electric 
Light.  Descent  and  Ascent :  Steps  and  Slides— Ladders— Buckets  and  Cares— Man 
Engine.  Dressing:  i.  Mechanical  Processes:  Washing,  Hand  Piokinfr,  Breaking 
Up,  Consolidation,  Screenin/^— ii.  Processes  depending  on  Physical  Properties: 
Motion  in  Water,  Motion  in  Air— Desiccation— Li^tuefaction  and  Distillation— 
Maflpetic  Attraction— iii.  Chemical  Processes :  Solution,  Evaporation  and  Crystal- 
lisation, Atmospheric  Weathering,  Calcination,  Cementation,  Amalgamation — Ap« 
plication  of  Processes— Loss  in  Dressing— Sampling.  Principles  of  Employment 
of  Mining  Labour :  Payment  by  Time,  Measure,  or  Weight— By  Combination  of 
these  — By  Value  of  Product.  Legislation  affecting  Mines  and  Quarries: 
Ownership-Taxation- Working  Regulations— Metalliferous  Mines  Regulation  Acts 
—Coal  Mines  Regulation  Act— Other  Statutes.  Condition  of  the  Miner :  Ciothiiig 
—Housing— Education— Sickness— Thrift— Recreation.  Accidents :  Death  itate  of 
Miners  from  Accidents— Relative  Accident  Mortality  Underground  and  Above- 
ground— Classification  of  Accidents— Ambulance  Training. 

"This  EPOCH-MAKING  work  .  .  .  appeals  to  men  of  experience  no  less  than  to 
students  .  .  .  gives  numercus  examples  from  the  mining  practice  of  every  couhTRY. 
Many  of  its  chapters  are  upon  subiects  not  usually  dealt  with  in  text  books.  .  .  Of 
gveat  interest.    .    .    .    KdmAxvhXy  \!iX\x%\xaLltd.*'-^Berg- nnd  HiUtenmattttiscke  ZHhimi^. 

**  This  SPLENDID  WORK."— 0«/^rr.  ZtKhrft.  fiir  Btrg-  mtd  H^ttmuesen. 

LONDON:  EXETER  STREET,   STRAND. 


90lBNTtFW  AITD  TBOSNOLOGICAL    WORKS.  i? 

Edition  for  1896. 
Cloth,  for  Office  use,  Zs,  6d.     Leather,  for  the  Pocket,  8s.  6cL 

GRIFFIN'S  ELECTRICAL  PRICE-BOOK. 

Fop  EleetrieaU  Civil.  Marine,  and  Borough  Engineers,  Local 
Autliorities,  Arohiteets.  Railway  Contractors,  Ac,  ^te. 

Edited  by   H.   J.   DOWSING, 

Membr  ofikg  InstUutian.  0/  ElecMcal  Enjptutrt;  of  the  Socuiy  o/Artt;  ^tkt  Linden 

Ckambtr ojCommerctt  &*c. 

Part  I.— PRICES  AND  DETAILS  OF  MACHINERY  AND  APPARATUS. 

Part  II.— USEFUL  INFORMATION  CONCERNING  THE  SUPPLY  OF 
ELECTRICAL  ENERGY;  Complete  Estimates;  Reports,  Rules  and  Regu- 
lations, Useful  Tables,  &c. ;  and  General  Information  regarding  the  carrying  out 
of  Electrical  Work. 

**  The  Elbctrical  Pricb-Book  rbmovbs  all  mystbrv  about  the  cott  of  Electrical 
Power.  By  its  aid  the  kxpbmsb  that  wUl  be  entailed  by  utilising  electricity  on  a  large  or 
small  s=ale  can  be  discovered.  .  .  .  Contains  that  sort  of  information  whi9h  is  most  often 
required  in  an  architect's  office  when  the  application  of  Electricity  is  being  considered."— 
Archittct. 

"The  value  of  this  Electrical  Price-Book  CANNOT  bb  ovkr-kstimatbd.  •  .  .  WUl 
save  time  and  trouble  both  to  the  engineer  and  the  business  Taaca.**—Machinefy, 

\*  The  Publishers  beg  to  call  attention  to  the  New  Edition  of  the  Elbctrical  Engineers* 
Pricb-Book.  It  is  gratifying  to  learn  that  the  work  hsu  been  found  useful  and  valuable 
hf  the  general  body  of  Engineers,  Architects,  Builders,  and  others.  The  prices  given  for 
work  carried  out  have  been  acknowledged  fair,  and  such  as  provide  for  reliable  and 
GOOD  WORKMANSHIP,  and  they  have  proved  of  use  iu  Arbitrations,  Appeals,  and  Assessment 
Cases. 


GRIFFIN  (John  Joseph,  F.CS.)  : 

CHEMICAL  RECREATIONS:  A  Popular  Manual  of  Ezpeiimentel 
Chemistry.  With  540  Engravings  of  Apparatus.  TmihSdUUn.  Crown 
8vo.     Cloth.     Complete  in  one  volnme,  doth,  gilt  top^  1^6. 

Part   I. — Elementary  Chemistry,  2/. 

Part  II.— The  Chemistry  of  the  Non-Metallic  Elementiy   10/6. 


GURDEN  (Richard  Lloyd,  Authorised  Surveyor 

for  the  Goremments  of  New  South  Wales  and  Victoiia) : 

TRAVERSE  TABLES:  computed  to  Four  Places  Decimals  for  ercry 
Minute  of  Angle  up  to  100  of  Distance.  For  the  use  of  Sunreyon  and 
Engineers.     Fourth  Edition.     Folio,  strongly  half-bound,  21/. 

%*  I^Hshid  with  Cpnanrena  rf  the  Surveyors- Gi99€ral  for  Norn  Somtk 

Waiisand  Vitforia, 

*'  ThoM  who  have  experience  in  axact  Suktsy-work  will  best  know  how  to  appfffciala 
the  enormous  amount  of  labour  represented  by  this  valuable  book.  The  oompatatiaas 
enable  the  user  to  ascertain  the  sines  and  cosines  for  a  distanrw  of  twelve  miles  to  wi^in 
half  an  inch,  and  this  by  rkfbxkncb  to  but  Onb  Tablb,  in  place  of  die  usual  FSftsBB 
minute  computarfons  required.  This  alone  is  evidence  of  the  assistancr  which  tlw  Tahlw 
•Dsure  to  every  user,  and  as  every  Survey  in  active  practice  has  fek  the  want  of  ■ 
' few  knowing  of  their  pnblicatioo  win  remam  withoot  theoi.*— JTi^fiHMfr. 


LONDON:  EXETER  STREET,  STRAND, 
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SHOINEUBS,  SLSCTRIGIANS,  iJU^HITBCTS,  BUILDSB%. 
NATAL  CmrSntUCTOKS,  AKB  SUEVBTOW. 


TAQM 


Applied  Mechanics,  .  Kankine,  Browne,  Jamieson,  32,  8»  24 


CMl  BngiBeeriBirr 

Desigrn  of  Structures,  . 

Sewage  Disposal  Works, 

TftiTerse  TaUeSy    • 
Marine  Engineering, 

Stability  of  Ships» 
The  Steam-Engine,  . 
Chemistry  for  Engineers, 
Gas,  Oil,  and  Alr^Engines, 
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„     Management, 
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Machinery  and  HUlwork, 

Hydraulic  Machinery,  . 


Plior.  Rankiks, 

PboF.   FlDX«EBt 

S.  Anglik,  . 
Santo  Cbimp, 
il  l.  gubdek, 
A.  £.  Seaton, 
Sir   E.  J.  Rssn, 
!Rankine,  Jahiesoit, 
Blount  J^  Bloxam, 
Betan  Donkin, 
T.  W.  Traill,    . 
R.  D.  Mmrso,    • 

f  S0HWACKH6rBR  AMD 

\     Browns, 
Prof.  Rankine, 
Prof.  Robdtbon, 


S2 

15 

11 
17 

32,24 

9 

14 

45 
2S 


} 


Metallurgfical  Machinery,    H.  C.  Jenkins, 


41 

32 
39 
38 


nautical  Text-BookSr 

Useftd  Rules  and  Tables 
for  Engineers,  ftc.,  • 

Electrical  Pocket-Book, 

Electrical  Price-Book,  . 


32 


Captain  Blaokmobe  (Ed).,  Id 

r  Profs.  Rankihb  and  \ 
I     Jamibson,         •       j 

MUNRO  AND  JaKIBSOB^  29 

H.  J.  DowsiNQ,  •        .        17 


Graphic  Tables  for  Con^ 
Tersion  of  Measurements,  Prof.  Robt.  H.  Smith,     44 

Marine  Engineers'  Pocket* 

Book,      ....       S  EATON  AND  RoUNTHWAITB,    42 

Hystrom's  Pocket-Book,      Dennis  Mabxs,  •  29 
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GRIFFIN'S   NAUTICAL   SER1B& 

Edited   BY    EDW.    BLACKMORE, 
Master  Mariner,  First  Class  Trinity  House  Certificate,  Assoc.  Inst.  If  .A. ; 

Asn>  VfBlTtMV,  MAUTLZ,  hj  SAIL0B8  fOT  SAILOBS. 

In  Crown  8co.        With  lUustrations  and  Plates, 


it 


A  VERT  USEFUL  SBRIKS."— ^YoClMV.         '<  This  ADMIRABLB  SUUSf."— Fat'yTtof/. 

"  llie  voltimes  of  Messrs.  GRiPFn's  Nautioal  Series  may  wen  and  profitably  be 
ntcl  by  ALL  interested  in  our  national  maritime  progress. "— if ariiM  Engineer. 

"  Every  Shif  should  have  the  whole  SerIes  as  a  Refere^tch  Librart.  Hand- 
somely and  strokqly  bound,  clearly  printed  and  illustratbd."~X»m97ooJ  Joum. 
qf  Commerce. 

Know  Tour  Own  Ship :  A  Simple  Explanation  of  the  Stability,  Con- 
struction, Tonnage,  and  Freeboard  of  Ships.  By  Thos.  Walton,  Naval  Architect, 
Lecturer  to  Ships  Officers,  GoTemment  NayigatioR  School,  Leith.  With  muneroii* 
Illustrations.    Second  Edition,    fia. 

"  Mr.  Walton's  book  will  be  found  very  useful."— 7%«  Engineer. 

*'  Will  attain  lasting  sucobss    ....    excbedinolt  VUXiil."—SIUppUtff  WarUL 

Latitude  and  Longitude :  How  to  find  them.    By  W.  J.  Miixab, 

M.Inst.C.E.,  late  Sec.  to  the  Inst,  of  Engineers  and  Shipbuilders  in  Scotland.    2s. 

"  Cannot  but  prove  an  acquisition  to  those  studying  Navigation." — Marine  Engineer, 
**  Young  Seomen  will  find  it  handy  and  useful,  simplb  and  clbab."— 7*i^  Etigineer. 

Practical  Mechanies:  Applied  to  the  requirements  of  the  Sailor. 
By  Thos.  Mackenzie,  Master  Mariner,  F.B.A.S.    Ss.  6d. 

"  This  excellent  book  .  .  .  contains  a  largb  amount  of  information."— ^(Oturv; 

**  Well  worth  the  money  .  .  .  exceedinqly  helpful."— ShijTpti)^^  IToWd. 

"  No  Ships'  Officers'  bookcase  will  henceforth  be  complete  without  CAPTAm 
Mackenzie's  'Practical  Mechanics.'  Notwithstanding  my  many  years'  experience 
at  sea,  it  has  told  me  kow  mxuh  more  there  it  to  acquire."— (Letter  to  the  Publishers 
ttom  a  Jdaster  Marin«r> 

The  British  Hercantile  Marine;  An  Historical  Sketch  of  ita  Ri«e 
and  Development.    By  the  Editor. 

Elementary  Seamanship.  By  D.  Wilsok-Bakkbr,  Master  Mariner, 
F.R.S.E.,  F.B.G.S.    With  Numerous  Plates,  two  in  Colours,  and  Frontispiece. 

Naylgation :  Theoretical  and  Practical.    By  D.  Wilson-Barkbr, 

Master  Mariner,  <fcc.,  and  William  Allingham.    3s.  6d. 

"  Precisely  the  kind  of  work  required  for  the  New  Certificates  of  competency  in 
grades  from  Second  Mate  to  extra  Master.  .  «  •  Candidates  will  find  it  -INTALU> 
ABLH."— Dundee  Adtertimr, 

Ocean  Meteorology:  For  Officers  of  the  Merchant  Kavy.  By 
William  Allingham,  First  Class  Honours,  Navigation,  Science  and  Art  Dep. 

Practical  Algebra  and  Trigonometry :  For  the  Young  Sailor,  Ac* 

By  EiCH.  C.  Buck,  of  the  Thames  Nautical  Training  College,  H.M.S.  "  Woroeeter." 


K  Medical  and  Surgrical  Help  for  Shipmasters  and  Offleen 

in  the  Merchant  Navy.  Including  First  Aid  at  Sea.  By  Wm.  Johnson  Smith, 
V.B.C.S.,  Principal  Medical  Ofllcer,  Seaman's  Hospital,  Greenwich.  With  lUosfera- 
tious  and  Coloured  Plates.    Handsome  Cloth,  6s. 

"  Sound,  judicious,  really  helpful."— -7%«  LanoeL 


LONDON:  EXETER  STREET,  STRAND. 
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OHARLBS  GRIFFIN  S  CO.'S  PUBLICATIONS. 


Griffin's  Standard   Publications 


TOB 


GEOLOGISTS,  MINE-MANAGEBS,  AND  METALLURGISTS. 


Geologry  (Stratigraphical), 

R.  Etheridge,    . 

page 
30 

„     (Physical),  . 

Prof.  Seelby,     . 

30 

„     (Practical),  . 

Prof.  Oole,        .        .   . 

10 

ff     (IntFOduction  to), 

99 

10 

Mine  Accounts,. 

Prop.  Lawn, 

26 

Kine-Surveyingr, 

B.  H.  Brough,   . 

8 

Hininsr,  Coal,     . 

F.  W.  Hughes,. 

22 

„      Ore  and  Stone,  . 

Prof.  Le  Neve  Foster, 

16 

Blasting:  and  Explosives, 

0.    GUTTMANN,      , 

21 

Assaying,    .... 

0.  &  J.  J.  Berinoer, 

6 

Hetallui^, 

Phillips  and  Bauerman, 

31 

„    (Introduction  to). 

Prop.  Boberts-Austbk, 

38 

„    (Elementary), 

Prof.  Sexton,     . 

43 

Copper,  Metallurgy  of,    . 

Thos.  Gibb, 

38 

Ctold, 

T.  K.  Rose, 

40 

Getting  Gold, 

J.  C.  F.  JOHNSOX, 

26 

Iron,  Metallurgy  of. 

Thos.  Turner,    . 

46 

Griffin's  "Health 

"  Publications. 

Ambulance, 

Disinfection  and  Disinfec*- 
Lams,      .... 

First  Aid  at  Sea, 

Foods  and  Poisons, . 

Hygiene,    .... 

Practical  Sanitation, 

Sewage  Disposal  Works,. 

Hygienic   Prevention   of 
Consumption, 


Dr.  Riddell, 


37 


Dr.  Rideal,        .        .  36 

Wm.  Johnson  Smith,  .  37 

A.  Wynter  Blyth,    .  7 

Surgeon-Major  Davies,  12 

Dr.  Geo.  Reid,  .        .  36 

Santo  Crimp,  11 

{Dr.    Squire.       [See    Medical 
Catalogue.] 


LONDON :  EXETER  STREET,  STRAND. 


8CIEKTIFI0  AND  TBCMNOLOQICAL  WORKS. 
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GrifflD's  Chemical  and  Tecbnological  Pnblications. 


Chemistry  for  Engineers, 
Builders,  and  Manu- 
faeturers, 

Agricultural  Chemistry, 

Bleaching   and    Calico- 
Printing, 

Cements, 

Dairy  Chemistry, 

Disinfectants,    . 

Dyeing, 

„      and  Cleaning, 

Electro-Metallurgy,  . 

Electric  Smelting,    . 

Foods,  Analysis  of,  . 

Gas  Manufacture, 

Oils,  Soaps,  Candles, 

Painters'  Colours,  Varnishes, 

Petroleum,  MM. 

Photography,    . 

Poisons,  Detection  of. 

Textile  Printing, 


rAGi 


MM.  Blount  and  Bloxam,  5 
Pbof.  J.  M.  H.  MuNRO,      29 

Geo.  Duerb,  .        12 

G.  E.  Bedgrave,        .        33 

H.  D.  BlGHMONDy  .  35 

Dr.  Eideal,        .  36 

MM.  Knecht  and  Kawson,  25 
G.  H.  Hurst,  .  .  23 
W.  G.  McMillan,  .  27 
borghers  and  m*mlllan,  27 
Wynter  Blyth,  .  7 

W.  Atkinson  Butterfield,  9 
Dr.  Alder  Wright,  .  48 
G.  H.  Hurst,  .  .  23 
Redwood  AND  HoLLowAY,  34 
A.  Brothers,      .        .  6 

Wynter  Blyth,  .  7 

Seymour  Bothwell,  .         41 


In  Large  Svo,  with  Illustrations  and  Folding-Plates,     los.  6d 

BLASTIISra: 

A  Handbook  for  the  Use  of  Engineers  and  others  Engaged  in. 

Mining,  Tunnelling,  Quarrying,  &c. 

By  OSCAR  GUTTMANN,  Assoc  M.  Inst.  C.E. 

Member  of  the  Soeieiies  of  Civil  Engineers  tmd  ArchiteeU  of  Vienna  and  Bndkpeett 
Corresponding  Member  of  the  Imp,  Roy.  GeologietU  Ifutiiution  of  Austria^  ib*c. 

General  Contents.— Historical  Sketch— Blasting  Materials— Blasting  Pow- 
der— ^Various  Powder-mixtures — Gan-cotton — Nitro-glycerine  and  Dynamite — 
Other  Nitro-compounds — Sprengel's  Liquid  (acid)  Explosives— Other  Means  of 
Blasting — Qualities,  Dangers,  and  Handling  of  Explosives— Choice  of  Blasting 
Materials — Apparatus  for  Measuring  Force — Blasting  in  Fiery  Mines — Means  of 
Igniting  Charges — Preparation  of  Blasts — Bore-holes — Machine-drilling — Chamber 
Mines — Charging  of  Bore-holes — >E>etermination  of  the  Charge — Blastmg  in  Bore- 
holes— Firing— Straw  and  Fuze  Firing — Electrical  Firing;— Substitutes  for  Electrical 
Firing — Results  of  Working — ^Various  Blasting  Operations — Quarrying — Blasting- 
Masonry,  Iron  and  Wooden  Structures — Blasting  in  earth,  under  water,  of  ice,  &c. 

"This  ADMIKABLS  woflc" — ColUety  Guardian, 

"Should  prove  a  vade-mecum  to  Minii^  Engineen  and  all  engaged  in  practical  woriu**^ 
— /fWf  and  Coal  Trades  Review. 

LONDON:    EXETER  STREET,  STRAND. 


ju  OSAMLMS  QRIFFIM  ik  QO:&  BUBUOA  TIOMM. 

COAL-MINING  (A  Text-Book  of): 

FOR  THE  USE  Of  COLLIERY  MANAGERS  AND  OTHERS 
ENGAGED  IN  COAL-UHNINO. 

BY 

HERBERT    WILLIAM   HUGHES,   E.aS, 

Assoc.  Royal  School  of  Mines,  Certificated  Colliery  Manager. 

Third  Edition.    In  Demy  Svo,  Handsome  Chth,     WUh  very  ffumermts 
lUusirationSy  mostly  reduced  from  Working  Drawings,     i8r. 

"The  details  of  colliery  work  have  been  fully  described,  on  tbe  grovnd  that 
•oUieries  are  more  often  made  remunerative  by  perfection  in  small  mattess 
than  by  bold  strokes  of  engineering.  ...  It  frequently  happens,  in  particular 
localities,  that  the  adoption  of  a  combination  of  small  improvements,  any  of 
which  viewed  separately  may  be  of  apparently  little  value,  turns  an  unprofitable 
concern  into  a  paying  one." — Extract  from  Authors  Preface, 

GENERAL    CONTENTS. 

Geology:  Rocks  -Faults — Order  of  Succession — ^Carbonlferoas  System  in  Britua. 
doal :  Definition  and  Formation  of  Cosl—  Classification  and  Commercial  Value  of  Conls. 
8«aroh  for  OoiJ :  Boring— various  appliances  used — Devices  employed  to  meet  Difficulties 
of  deep  Boring— Special  methods  of  Boring—  Mather  &  Piatt's,  American,  and  Diamond 

?rstems— Accidents  in  Boring— Cost  of  Boring— Use  of  Boreholes.  Breaking  Oroond- 
ools — ^Transmission  of  Power :  Compressed  Air,  Electricity — Power  Machine  Drills — Coal 
Cutting  by  Machinery— Cost  Df  Coal  Cutting — Explosives — Blasting  in  Dry  and  Dusty 
Mines— Blasting  by  Electricity— Various  methods  to  superaede  Blasting.  Binklag: 
Position,  Form,  and  Sise  of  shaft— Operation  of  getting  down  to  "  Ston'^head" — Method  of 
proceeding  afterwards— Lining  shafts— Keeping  out  Water  by  Tabbing— Cost  of  Tubl-iqg — 
Sinking  by  Boring — Kind  -  Cluiudron,  and  Lipmann  methods — Sinking  through  Quicksands 
—Cost  of  Sinking.  Frellxnlnary  OperatloDe :  Driving  underground  RoaoB — SupfMctti^ 
Roof:  Timbering,  Chocks  or  Cogs,  Iron  and  Steel  Supports  and  Masonry— Arrangement  of 
Inset.  Methods  of  WorldLng :  Shaft,  Pillar,  and  Subsidence— Bord  and  Pillar  System— 
Lancashire  Method — Longwall  Method— Double  Stall  Method— Working  Steep  Seams- 
Working  Thidc  Seams— Working  Seams  lying  near  together — Spontaneous  Combustion. 
Haulage ;  Rails— Tubs— Haulage  by  Horses— Self-acting  Inclines — Direct ^ctinr  Haulage 
—Main  and  Tail  Rope— Endless  Chain- Endless  Rope—Comparison.  Wtnolttg:  nt 
Frames  —  Pulleys— Cafes— Ropes— Guides— Engines— Drums — Brakes— Counterbalancing — 
Baqiansion — Condensation — Compound  Engines— Prevention  of  Overwinding — Catches  at  pit 
top— Changing  Tubs— Tub  Controllers— Signalling.  Pumping:  Bucket  and  Plunger 
Pumps  —  Supporting  Pipes  in  Shaft  —  Valves  —  Suspended  lifts  for  Sinking — Cornish  and 
Bull  Engines— Davey  Differential  Engine — Worthington  Pump — Calculations  as  to  size  of 
Pumps — Draining  Dee^  Workings— Dams.  VenUlation:  Quantity  of  air  required— 
■Gases  met  with  in  Mmes— Coal-dust— Laws  of  Friction — Production  of  Air-currents — 
Vatural  Ventilation— Furnace  Ventilation — Mechanical  Ventilators — Efficiency  of  Fan»— 
Com|>arison  of  Furnaces  and  Fans — Distribution  of  the  Air-current— Measurement  of  Air> 
«urrents.  liighting:  Naked  Lights  —  Safety  Lamps  —  Modern  Lamps — Conclusions — 
Locking  and  Cleaning  Lamps—  Electric  Light  underground — Delicate  Indicaton.  Worka 
at  Saxface;  Boilers— Mechanical  Stoking— Coal  Conveyors— Workshops.  Preparatton 
of  Goal  for  Ifarket:  General  Constderadons^Tipplers— Screens— Varying  the  Siaes  made 
<by  Screens — Belts— Revolving  Tables— Loading  Shoots — Typical  Illustrations  of  the  arrange- 
•meat  of  Various  Screening  Establishments— Coal  Washing — Dry  Coal  Qeaning  —Briquettes. 


"  Quite  THK  BBST  BOOK  of  its  kind  ...  as  practical  in  aim  as  a  book  can  be  .  ^ .  . 
•Couches  upon  every  point  connected  with  the  actual  working  of  collieries.    The  iUustFadoas 

sue  KXCBL.LBHT."— ^Mr«UFMm. 

"  A  Text-book  on  Coal-Mining  is  a  great  desideratum,  and  Mr.  Hugmbs  poasesees 
ADMIRABUC  QUALIFICATIONS  foT  supplying  it.  .  .  .  We  cordially  Tecommend  the  work.'" 
-^oUiery  Giuirdian, 

"  Mr.  HuGHBs  has  had  opportunities  for  study  and  research  which  fall  to  the  lot  of 
\iQli  few  men.  If  we  mistake  not,  his  text-book  will  soon  come  to  be  regarded  as  the 
BTAKDARD  WORK  of  its  kind." — Birmingham  Daily  Gazette. 

%*JV(9/^.— The  first  large  edition  of  this  work  was  exhausted  withia  a  few  aotttbs  of 
ion. 

LONDON:  EXETER  STREET,  STRAKD. 
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WORKS  BY  GEORGE  H.  HURST,  F.C.S., 

Ifonber  of  th«  Sociaty  of  Chemiod  Induttry ;  Lactnrer  on  the  Tedmolosy  of  Piuiitn^ 
Coloun,  Oik,  Mul  Vauiishes  the  Hvnicipai  Tochaical  A:hMl,  Minnhw^y 


PAINTERS' 
COLOURS,  OILS,  AND  VARNISHES : 

A  Practical  HanuaL 

Second  Edition,  Revised  and  Enlarged,     With  Numerous  Uluatrattona. 

Price  12a.  6d. 

GXNEKAL  Contents.— Introductory— The  Composition,  Manofaictukb, 

Assay,  and  Analysis  of  Pigments,  White,  Red,  Yellow  and  Orange,  Green, 
Blue,  Brown,  and  Black— Lakes — Colour  and  Paint  Machioery— Paint  Vobiclet 
<Oils,  Turpentine,  &c.,  &c.) — Driers — Varnishes. 

"  This  useful  book  will  prove  most  valuable.    We  feel  bound  to  recommend  it  to  all 
•eiuagcd  in  the  arts  concerned.  ** — Ckemical  News. 

^*  A  practical  manual  in  every  respect     .      .      .     bxcbbdikcly  iwstructivx.     The 
lection  on  Varnishes  the  roost  reasonable  we  have  met  with."— CA«mtr^  mnd  I)rtq;gisi. 

**  Vsav  VALUABLE  information  is  given. " — Plumber  and  Decorator. 

*'  A  THOKpucHLY  PRACTICAL  book,  .  .  .  Constituting,  we  believe,  the  owly  English 
work  that  satisfactorily  treats  of  the  manufacture  of  oils,  colours,' and  pigments." — Ckemicmi 
Trade/  youmai. 

"Throughout  the  work  are  scattered  hints  which  are  invaluable  to  the  intelligent 
ceader."— /w9m»/mm». 


BY     THB     SAMB     AUTHOR. 

GARMENT 
DYEING    AND   GLEANING. 

A  Practical  Book  for  Practical  Men. 

With  Numerous  Illustrations.    4s.  6d. 

General  Contents.— Technology  of  the  Textile  Fibres— Garment  Cleaning 

Djreing  of  Textile  Fabrics — Bleaching — Finishing  of  Dyed  and  Cleaned  Fabrics— 

tteouring  and  Dyeing  of  Skin  Rugs  and  Mats — Cleaning  and  Dyeing  of  Feathers — 

Glove  Cleaning  and  Dyeing — Straw  Bleaching  and  Pyeing-*-Gla6sary  of  Drug! 

aind  Chemicals — Useful  Tables. 

**  An  VP-To>DATE  hand  book  has  lon^  been  wanted,  and  Mr.  Hurstp  who  has  produced 
several  admirable  works,  has  done  nothmg  more  complete  than  this.  An  important  woric, 
the  more  so  that  several  of  the  branches  of  the  cxaft  here  treated  upon  are  almost  entirely 
without  English  Manuala  for  the  guidance  of  workers.  The  prioe  bnngi  it  wkhin  the  xcaca 
of  all."— I>wr  and  Calieo-Prinier. 

"Mr.  Hurst's  work  decidedly  pills  a  want  .  .  .  ought  to  be  in  the  hands  of 
■VSEY  GARMENT  dIter  and  cloauer  in  the  Kingdom." — Textile  Mercury. 


VOViT>G» :  £X£T£R  STR££T,  STRAIID, 


H  OHARLXa  QMIFFIN  A  OO.'S  PUBLICATION. 

WOBE8    BY 

ANDREW  JAMIESON,  MJnst.C.E.,  M.I.E.E.,  F.ILS.E., 

Prfft$t0r  0/  Ekeirwal  EngtHetritu^,  The  GlaMgvm  and  Witt  0/  Scoiltmd 

Teehmcai  C^lUg*, 


PROFESSOR  JAMIESON'B  jftDTANCED  MANUALS. 

In  Large  Crovm  8w.     Fully  Illustrated. 

1.  STEAM   AND   STEAM-ENGINES  (A  Text-Book  on). 

For  the  Use  of  Students  preparing  for  C(»npetitive  Examinations. 
With  over  200  Illustrations,  Folding  Plates,  and  Examination  Papers. 
Eleventh  Edition.     Revised  and  Enlarged,  8/6. 


■    "Profesaor  Jamieson  fascinates  the  reader  by  his  clbaknsss  or  ooncsption 
SIMPLICITY  or  EXPKRSSioN.     His  treatment  recalls  the  lecturing  of  Faraday.**— j4MtfM«Mis. 
"  The  Bbst  Book  yet  published  for  the  use  of  Students."— ^m^m^^t. 
*'  Undoubtedly  the  most  valuable  and  most  complktb  Hand-book  on  die  snlject 
that  BOW  esdsts."— JV^ruM  Sntineer, 

2.  MAGNETISM  AND  ELECTRICITY  (An  Advanced  Text- 

Book  on).     Specially  arranged  for  Advanced  and  **  Honours  "  Students. 

3.  APPLIED  MECHANICS  (An  Advanced  Text-Book  on>. 

Vol.  I. — Comprising  Part  I. :  The  Principle  of  Work  and  its  applica- 
tions; Part  II.:  Gearing.    Price  7s.  6d.    Second  Edition.   [New  ready. 

"Fully  maintains  the  reputation  of  the  Author— more  we  cannot  say.**— Pract. 
Engineer. 

Vol.  II. — Comprising  Parts  III.  to  VI. :  Motion  and  Energy;  Strength 
of  Materials;  Graphic IStatics ;  Hydraulics  and  Hydraulic  Machinery. 

[In  active  preparoHen, 

PROFESSOR  JAMIESON'S  INTRODUCTORT  MANUALS. 

With  numerous  HUustraHons  and  Examinatum  Papers. 

1.  STEAM  AND  THE  STEAM-ENGINE  (Elementary  Text- 
Book  on).    For  First- Year  Students.    Fifth  Edition.    3/6. 

**  Quite  the  right  sort  or  book." — Engineer. 

**  should  be  in  the  hands  of  evkry  eng:ineering  vpptcatXot.**— Practical  Engineer. 

2.  MAGNETISM  AND  ELECTRICITY  (Elementary  Text- 

Book  on).     For  First-Year  Students.     Third  Edition.    3/6. 

*'  A  capital  tbxt-book  .   .  .  The  diagrams  are  an  important  feature."— ^(A«0/MMr//r. 
"A  thoroughly  trustworthy  Text-book.    .     .     .    Arrangement  as  good  as  well 
can  be.    .    .    .    Diagrams  are  also  excellent.    .    .    .    The  subject  utroughout  treated  as  an 
ssentially  practical  one,  and  very  clear  instructions  given." — Nature. 

8.  APPLIED  MECHANICS  (Elementary  Text-Book  on). 

Specially  arranged  for  First- Year  Students.     Second  Edition.     3/6. 

"  Nothing  is  taken  for  granted.    .    .    .    The  work  has  very  high  qualitibs,  whidi 
fluy  be  condensed  into  the  one  word  *  CLKAiL."*—Sctence  and  Art. 

A  POCKET-BOOK  of  ELECTRICAL  RULES  and  TABLES. 

POX  THE  USE  OF  ELECTRICIANS  AND  ENGINEERS. 
Pocket  Size.     Leather,  8s.  6d.     Twelfth  Edition^  revised  and  enlarged. 

LONDON :  EXETER  STREET.  STRAND. 
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**  The  Mon  taluabu  and  ussixjl  woxx  on  I)7oing  thftt  hM  yet  ftppeered  In  the  EngHah 
Iftngnage  .  .  .  Ukely  to  be  the  Btaxdahd  wobk  of  BxTKHmcx  Tor  yeen  to  oome.**— 
TtxHU  Mtrem^f. 

In  Two  Large  8yo  Volumes,  920 
pp.,  with  a  SUPPLEMENTARY 
Volume,  containing  Specimens 
of  Dyed  Fabrics.  Handsome 
Cloth,  45s. 


MANUAL  OF  DYEING: 

FOR  THE  USE  OF  PRACTICAL  DYERS,  MANUFACTURERS,  STUDENTS, 
AND  ALL  INTERESTED  IN  THE  ART  OF  DYEING. 


BY 


E.  KNECHT,  Ph.D.,  FJ.C., 

HMd  of  tha  Cbcmiatty  »nd  Dyeing  Dapartineoi  of 

Hm  Todmloal  Behool,  MmnehMtor;  Editor  of  "  Tb« 

Joonul  of  Ui«  Society  of  Dyen  and  Colourlsti ; " 


CHR.  RAWSON,  F.I.C.,  F.C.S., 

L»t«  Heed  of  the  Chemistry  and  Dyeing  Depertment. 
for  the  Teehnlml  College,   Bnidiord ;  Memher  of 
Conneil  ot  the  Society  t>f  Dyen  and  Colouriatt ; 


And  RICHARD  LOEWENTHAL,  Ph.D. 


General  Contents.— Chemical  Technology  of  the  Textile  Fabrics— 
Water — Washing  and  Bleaching  —  Acids,  Alkalies,  Mordants — Natural 
Colouring  Matters — Artificial  Organic  Colouring  Matters— Mineral  Colours 
— Machinery  used  in  Dyeing — Tinctorial  Properties  of  Colouring  Matters — 
Analysis  and  Valuation  of  Materials  used  in  Dyeing,  &c.,  &c. 

"  This  xosT  VALDABLK  woKK    .    ■    .    Will  be  wldolj  appreciated."— Cftantca/  Netet, 

**  This  authoritative  and  ezbanstiTe  work  ...  the  xobt  complktb  we  have  yet  seen 
on  the  Bahject."*— Textile  Mani^faeturer. 

"  The  MOST  KXHAtfSTiTiE  Bud  coxPLKTB  WORK  ou  the  Bubjoct  extant**— 7lM:<»2e  Reeordtr, 

**  The  distingniBhed  authors  haye  placed  in  the  hands  of  those  daily  engaged  in  the  dye- 
house  or  laboratory  a  work  of  bxtkkmb  value  and  dkdoubtko  cnLirr  .  .  .  appeale 
quickly  to  the  technologist,  colour  chemist,  dyer,  and  more  particularly  to  the  risinji^dyer 
of  the  present  generation.    A  book  which  it  is  refreshing  to  meet  with.*^— J 


RecordC 


-Amerioan  Textile 


LONDON :  EXETER  STREET,  STRAND. 


26  OBABLES  QRimM  *  0(KV  PUMLiCUkTIOML 

GETTING    GOLD: 

A  CM>LDrlfIllI]IO  HANDBOOK  FOR  PRACTICAL  MEN. 

BT 

J.    C.   F.    JOHNSON,   F.G.S^   A.LM.K^ 

Lir«  Manlier  AMtrmUfltua  MiiM-XuM^tNT  Association. 
Croicn  8?t>,    Exira.        With  lUualralhM.       Cloth,  3c   M. 


''Onniro  (}old"  Is  a  compendiiim,  in  tiMQUUy  coftOnU  form,  of  nsefol  teforoMtfon 
respecting  the  processes  of  wiitkiko  fsox  thjb  aou.  a4id  AxrrsB-TSKATiiKifT  <rf  Odd  and 
Qold  ores,  inclu>linK  some  original  discoTorioi  by  the  Author.  Practical  information, 
original  and  selected,  is  given  to  Mining  Company  Directors,  Mine  Managers,  Qoartz 
MiU  Operatori),  ami  PtOHpectors. 

In  *'  llules  or  Thumb,'*  Chapters  xi.  and  xii ,  will  be  found  a  large  number  of  useful  hints 
on  subjects  directly  and  indirectly  connected  with  gold  mining.  Tne  Author's  mining 
•experience  extends  biok  thirty  year««,  and  it  may  therefore  be  assumed  that  the  infor- 
mation, original  or  compiled,  which  the  book  contains,  will  be  found  both  interesting  and 
profitable  to  many  \rho  are  engaged  in  that  most  fascinating,  if  not  always  most  prottable, 
pursuit— "gettiug  goM." 

\*  Some  six  years  axo  the  Author  published  a  amall  book  entitled  PmoHeml  Miming.  Of 
this  ten  thouMud  copies  were  sold,  nearlv  all  in  .Vustralasia,  and  the  work  is  now  oat  of 
print.  The  London  Mining  Journal  of  September  9th,  1891,  said  of  it :  "  We  have  seldDm 
«e«n  a  book  In  which  so  mnch  interesting  matter  combined  with  uaefnl  Information  is 
given  in  so  small  a  space.'' 


NEW  VOLUME  OF  GRIFFIN'S   MINING  SERIES. 

Sdited  by  O.  LE  KEVE  FOSTER,  D.Sc,  F.R.8., 
H.H.  Inspector  of  Mfnea,  Professor  of  Mining,  ffoytil  School  of  Hinst. 


Mine  Accoonts  and  Mining  BooMeeping, 

A  Manual  for  the  Use  of  Students,  Hanajrers  of 

Metalliferous  Mines  and  Collieries,   and 

others  interested  in  Mining. 

Witfh  very  Numerous  Examples  taken  from  ike  Actual  Practioe 
of  leading  Mining  Companies  throughout  tits  world. 

BY 

JAMES  G.  LAWN,  Assoc.RS.M., 

Professor  of  Mining  at  the  South  African  School  of  Mines,  Oapetowm, 

Kimberley,  and  Johannesbarg. 

In  Larg€  8oo. 


LONDON :  EXETER  STREET,  STRAND. 
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WALTEE  G.   M'MILLAN.  F.I.C.,  F.C.S., 

LKturer  is  MttaUmrgf  at  Mat<m  CMIv<,  Birmingham. 


ELECTRIC  SMELTING  AND  REFININfi: 

A   PRACTICAL   MANUAL  OF 

The  Extraction  and  Treatment  of  Metals  by  Electrical  Methoda. 
Being  the  '*  Elkktbo-Metallurgu ''  of  Dr.  W.  £orohkbs. 

Translated  from  ike  Second  Oerman  Edition 

By    WALTER    G.    MCMILLAN,    P.I.C,   F.C.S. 

In  large  8vo.     With  Numerous  Illustrations  and  Three  Folding- Plates. 

*»*  The  Publishers  beg  to  call  attention  to  this  valuable  work.  Dr.  Borchbrf' 
treatise  is  pra.ctical  throoffhoat.  It  confines  itself  to  on  I  branch  of  Eloctro^Ohemlstry, 
▼iz. :— Elrctroltsis,  a  subject  which  is  daily  becoming  of  more  and  more  importance  U> 
the  Practical  Metallorgist  and  Manufacturer.  Already  in  the  extraction  of  Aluminium. 
the  refining  of  Copper,  the  treatment  of  Gold  and  other  metals,  electrical  processes  are 
fast  taking  the  place  of  the  older  methods.  Dr.  Bouchers'  work  is  acknowledged  as  the 
standard  authority  on  the  subject  in  Germany,  and  the  English  version,  from  the  able 
pen  of  Mr.  W.  G.  M'Millan  (autlior  of  the  well-known  Treatise  on  Electro-Deposition 
and  Electro-Plating)  will,  it  is  believed,  take  egual  rank  in  English-speaking  countries. 


ELECTRO-METALLURGY  (A  Treatise  on): 

Anbradng  the  Application  of  Electrolysis  to  the  Plating,  Deposiiing, 

&nelting,  and  Refining  of  various  Metals,  and  to  the  Bepro- 

dnction  of  Printing  Sur&ces  and  Art-Work«  &c 

Br  WALTER  G.    M'MILLAN,   F.LC,   F.C.S. 

With  numerous  Illastrafcions.    Large  Crown  8vo.    Cloth  lOs.  6d. 


CtnriRAL  Ooktcnts. — Introductonr — Sonroes  of  Onrrent— General  Genditiott 
to  W  obiOTsd  in  Electro-Plating — Plating  Adjuncts  snd  Disposition  of  Plant — 
Okansini  and  Preparation  of  Work  for  the  Depositiog-Vat,  and  Subsequent  Pohshiof 
of  Plfltea  Qoods— Electro- Deposition  of  Oopper~Ekotrotnrping---£lectro-Deposition 
of  fiilTer — of  Gold — of  Mickel  and  Cobalt-Hif  Iron—of  Platinum,  Zinc,  Csidmiam, 
Tin,  Lssd,  AntimouT,  and  Bismuth;  Electro-chromj— Electro- Dqxwition  ef  ADojs— 
ElMtro-lietaUur|;icai  Extraction  and  Bsfining  Processes  —  Recoverr  of  oertein 
Metals  from  their  Solutions  or  Waste  Snbstanoes^Determination  of  the  Proportion 
of  Metal  in  certain  Depositing  Solutions — i^>pendis. 

**  This  excellent  treatise,  .  .  .  one  of  the  best  and  most  complxts 
wyMiw^la  hitherto  published  on  Electro-Metallurgy." — EUctruxU  Review, 

••  Thia  work  wifi  be  a  standakd."— Jew?«Z/«r. 

''Any  metaUnrgical  prooeas  which  bsducis  the  cost  of  prodnotiim 
moat  of  neoessity  prove  of  great  commercial  importance.  .  .  .  We 
recommend  this  manual  to  all  who  are  interested  in  the  PBAcnoAL 
APPLICATION  of  electrolytic  processes.'' — Naiurt, 

U>KDOV :  EXETER  STREET,  STRAND. 
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MACKENZIE  (Thos,,  Master  Mariner,  F.R.A.S.): 

PRACTICAL  MECHANICS :  Applied  to  the  Requirements  of 
the  Sailor.  Crown  8vo,  with  numerous  Illustrations.  Handsome 
Cloth.     3s.  6d.  [Griffin's  Nautical  Series , 

"  Calculated  to  be  of  grkat  practical  service."— ^airpZay. 
"This  excellent  book  .  .    .    contains  a  large  amount  of  information." 
— Nature. 

**  Well  worth  the  money  .   .   .   will  be  found  exceedingly  helpful.*'— 
nng  World. 

lO  Ships*  Officers'  bookcase  wiU  henceforth  be  complete  without 
Captain  Mackenzie's  *  Practical  Mechanics.'  Notwithstanding  roy  many 
years'  experience  at  sea,  it  has  told  me  Juno  much  more  there  is  to  acquire,'^ — 
(Letter  to  the  Publishers  from  a  Master  Mariner). 


-Shipmi 


MILLAR  (W.  J.,   M.Inst. C.E.,  late  Secretary  to 

the  Inst,  of  Engineers  and  Shipbuilders  in  Scotland) : 

LATITUDE  AND  LONGITUDE:  How  to  Find  them.     Crown 
8 VO)  with  Diagrams.     2s.  [Grifin's  Nautical  Series. 

*'  Concisely  and  clearly  wrptten  .  .  .  cannot  but  prove  an  aoquisition 
to  those  studying  Navigation."-  Jl/arin«  Engineer, 

"  Young  Seamen  will  find  it  handy  and  useful,  simple  and  clear."—  The 
Engineer, 


SlooiTD  Editioit.     Enlarged,  aitd  verjf/uUy  lUutirated,    Cloih,  4b,  6d, 

STEAM  -  BOILERS: 

THSSIB   DSFSCTS,    MAHAaEMENT,    AKD    OONSTRUCTIOK. 

By    R    D.    MUNRO, 

Chi^  Enginmr  ^tke  SeoUUh  BciUr  Imsmramee  amd  Emgim  IntpteUom  OmpoHif, 

This  work,  written  chiefly  to  meet  the  wants  of  Mechanics,  Engine- 
keepers,  and  Boiler-attendants,  also  contains  information  of  the  first  import- 
ance to  every  user  of  Steam-power.  It  is  a  practical  work  written  for  pbao 
TiOAL  men,  the  language  and  rules  being  throughout  of  the  simplest  natore. 

"  A  valuable  companion  for  workmen  and  engineers  engaged  about  Steam 
Boilers,  ought  to  be  carefully  studied,  and  alwats  at  TSLKSi>.**—CoiL  Ovardtitm, 

"  The  suDJects  referred  to  are  handled  in  a  trustworthy,  clear,  and  practical 
manner.     .     .  The  book  is  yert  useful,  especially  to  steam  users, 

artisans,  and  young  engineers."— ^^tt«er. 


By  the  same  Author* 

KITCHEN    BOILER    EXPLOSIONS:    Why 

they  Occur,  and  How  to  Prevent  their  Occurrence?  A  Practical  Hand- 
book based  on  Actual  Experiment.  With  Diagrams  and  Cololured  Plate, 
Price  3s. 

LONDON:   EXETER  STREET,  STRAND. 


BCIMNTIFW  AND  TECHNOLOGICAL   WORKS.  29. 

MUHBO  k  JAMIESON'S  ELECTRICAL  POCKET-BOOK, 

Twelfth  Edition,  Revised  and  Enlarged. 

A  POCKET-BOOK 

OF 

ELECTRICAL  RULES   &  TABLES 

FOR  THE  USE  OF  ELECTRICIANS  AND  ENGINEERS, 

BY 

JOHN  MUNRO,  C.E.,  &  Prof.  JAMIESON,  M.Inst.C.E.,  F.R.S.E. 
With  Numerous  Diagrams.     Pocket  Size.     Leather,  83.  6d. 


GENERAL  CONTENTS. 

Units  of  Measurement.  Electro-Metallurgy. 

Measures.  Batteries. 

Testing.  Dynamos  and  Motors. 


Conductors. 
Dielectrics. 
Submarine  Cables. 


Transformers. 
Electric  Lighting 
Miscellaneous. 


Telegraphy.  i        Logarithms. 

Electro-Chemistrt.  '        Appendices. 

*'  WoNDBsruLLV  Pbxfbct.     .    .     .     Worthy  of  the  higlwst  ooaumndatioa  w 
gitro  it." — Ekctncum. 

"The  SrsauMG   Valvk  of  Mems.    Munro   and  jAMnsoM's  Pockbt-Book.' 
EUctriemi  Rtvitw, 


MUNRO  (J.  M.  H.,  D.Sc,  Professor  of  Chemistry, 

Downton  Collie  of  Agriculture): 

AGRICULTURAL  CHEMISTRY  AND  ANALYSIS :  A  Prac- 
tical Hand-Book  for  the  Use  of  Agricultural  Students. 


NYSTROMS  POCKET-BOOK  OF  MECHANICS 

AND  ENGINEERING.  Revised  and  Corrected  by  W.  Dennis  Marks, 
Ph.B.,  C.E.  (YALE  S.S.S.),  Whitney  Professor  of  Dynamical  Engineering, 
University  of  Pennsylvania.  Pocket  Size.  Leather,  15s.  Twentisth 
Edition,  Revised  and  greatly  enlaiged. 

LONDON :  EXETER  STREET,  STRAND, 


Demy  8vo,  BrnndMoms  cMK  I89. 

physical  6eo!(^  and  FalsiMitoIogy, 

OJV    THE  BASIS  OF  PHILLIPS. 

BT 

HARRY    GOVIER    SEELEY,    F.RS, 

P&0PBS90R  OF  GBOCRAPHY  IN  KING'S-  COLL«C«,  LONtMN. 

Witb  yrontldpfece  in  CbromclitbodrapbCr  anb  5iru0tratfonai. 

'*  It  is  impossible  to  praise  too  highly  the  research  which  JProfessok  Sbklst's 
'  Physical  Geology  ^  eridences.  It  is  far  mokb  than  a  Text-book— it  ia 
A  Directory  to  the  Student  in  prosecuting  his  researches.'* — Pnsidtntial  Ad* 
dress  to  the  Geohgical  Society^  1885,  by  Rev,  Prof.  Bonney.  D,Se. ,  LZ.  Z>.,  F.X.S. 

"  Professor  Seeley  maintains  in  his  *  Physical  Geology  '  the  hi^ 
reputation  he  already  deservedly  bears  as  a  Teacher. "  —  Dr,  Henry  Wood' 
ward,  F,R,S,f  in  the**  Geologieal  Magagme,'' 

"  Professor  Seeley*s  work  includes  one  of  the  most  satisfactory 
on  Lithology  in  the  English  language.    ...    So  much  that  is  not  s 
m  other  works  is  presented  in  this  volume,  that  no  Student  of  Geologj 
aAoid  to  be  without  it.'* — American  JoumcU  of  Engineering, 


Demy  8vo,  Handaome  cloth,  34*. 

Stratigrapliical  Geology  &  Pal8eontoI(^, 

OJf   THE   BASIS    OF  PHILLIPS. 


BT 


ROBERT    ETHERIDGE,    F.R.S., 

MATUHAL  HIST.  DBPAXTlfBNT.  BRITISH  MVSBUU.  UlTK  rhUaOinOlXiGSn  TO 
CBOLOGICAL  SURVEY  OP  GREAT  BRITAIN,  PAST  PRESIDENT  OP  THE 

CBOLOCICAL  SOCIETY.  BflC 

TKnUb  Aap,  BumetouB  tTablee,  anb  JSbitt^sii  plates. 


\*  Prospectus  of  the  above  important  work— perhaps  the  most  elaborate  of 
its  kind  ever  wriiteny  and  one  caleuIeUed  to  give  a  new  strength  to  the 
of  Geology  in  Bf  itain — may  be  had  on  application  to  the  Publishers 


'*  K*  Ridi  oompendinBi  off wiiafiai  knovrledff*  has  ever  beoi  broni^t 
WmHmmsUr  Revitw. 

"  IT  Prop.  Srelsv's  yolume  ww  remaxleRble  fbr  its  origmRfity  End  (he  breaddi 
Mr.  Ethbridgb  fully  justifies  the  assertion  nuda  in  his  pi!e&ot  tlut  bis  book  diAn 
atnictioa  and  detail  from  any  known  mamial.  .  .  .  Must  take  high  rank  amohs 
res."— ^  th»mnuM., 


LONDON:  EXETBR  STREET,  STRAKDi 


Third  Edition.    With  Foldnir  Flalw  aad  Many  Illiistrationa. 
Large  Svo.     Handsome  Cloth.     36s. 

ELEMENTS   OF    METALLURGY: 

A  PRACTICAL  TRUT18E  CM  THE  ART  OF  EXTRACTING  METALS 

FROM  THEIR  ORES. 

Bt  J.  ARTHUR  PHILLIPS,  M.In8T.C.E.,  F.C.S.,  F.G.S.,  &a 

And  H.  BAXJERMAN,  V.P.G.S. 


aSKSBAL    CONTBKTS. 


Refractory  Materials. 

Fize-Clays. 

Viielay  &C. 

Aluminium. 

Copper. 

Tin. 


Antimony. 
Arsenic. 
Zinc. 
Mercunr. 


Iron. 
Cobalt 
NickeL 
Silver. 


Bismuth.  Gold. 

Lead.  Platinum. 


\*  Many  votaslk  additions,  dealing  with  new  Processes  and  Developments, 

win  be  found  in  the  Third  Edition. 

"  Of  the  Thibd  Editiok,  we  are  still  able  to  say  that,  as  a  Text-book  of 
Metallurgy,  it  is  TBE  best  with  which  we  are  acquainted.' — Engineer, 

**  The  value  of  this  work  is  almost  inestimable.  There  can  be  no  question 
that  the  amount  of  time  and  labour  bestowed  on  it  is  enormous.  .  .  .  There 
is  certainly  no  Metallurgical  Treatise  in  the  language  calculated  to  prove  of 
such  general  utility." — Mining  Journal, 

**  In  this  most  useful  and  handsome  volume  is  condensed  a  large  amount  of 
valuable  praetioal  knowledge.  A  careful  study  of  the  first  division  of  the  book, 
on  Fuels,  will  be  found  to  be  of  great  value  to  every  one  in  training  for  the 
practical  applications  of  our  scientific  knowledge  to  any  of  our  metallurgical 
<qp«vatioDS.  ^ — A  ikenfsum. 

"  A  work  which  is  equally  valuable  to  the  Student  as  a  Text-book,  and  to  the 
practical  Smelter  as  a  Standard  Work  of  Keferenoe.  .  .  .  The  lUustrationa 
are  admirable  examples  of  Wood  Engraving.** — Chemical  Newt, 


POYNTING  (J.  H.,  Sc.D.,  F.R.S.,  late   Fellow 

of  Trinity  College,  Cambridge;   Professor  of  Physics,   Mason  College^ 

Bbmingham) : 

THE    MEAN    DENSITY    OF    THE    EARTH:    An   Essay  to 

which  the  Adams  Prize  was  adjudged  in   1893  in  the  University  of 

Cambridge.     In  large  8vo,  with  Bibliography,  Illustrations  in  the  Text, 

and  seven -lithographed  Plates.     12s.  &t 

"An  aoeoant  of  thia  labject  cannot  fall  to  be  of  oksat  and  osimtAL  iiiTnasT  to  the  leientifle 
aibd.  Brndalbr  b  thia  the  caae  when  the  accoant  ia  given  br  one  who  haa  ooBtittRitad  to 
comMerabiy  aa  baa  ProU  PojntiDg  to  our  preaent  atate  of  knowladfa  with  reaoect  to  a  rmj 
dNBenlt  aobject  .  .  .  Remarfcably  haa  Mewton'a  eatfanate  been  Tenfled  bj  Prof.  Poyntlng.''— 
jUhemaum. 

POYNTING  and  THOMSON:  TEXT-BOOK 

OF  PHYSICS.     (Sec  under  TJumison), 

LONDON?  EXETER  STREET,  STRAND. 


ja  OUAXLta  OMtFFUr  *  OO.'S  PUBLlOiriOSS. 

WORKS     BY 

W.  J.  MAGQUORN  RANKINE,  LL.D.,  F.R.S., 

Late  Regfua  Professor  of  CMt  Engintsring  In  the  University  of  Qlasgom. 

THOBOUGHLT  REVISED  BT 

"W.     J.     MIIiLAE,     C.E., 

Late  Beeretary  to  the  Institute  of  Engineers  antt  Shipbuilders  In  SeotloMl. 


I.  A  MANUAL  OF  APPLIED  MECHANICS : 

Compriaing  the  Principles  of  Statics  and  Cinematics,  and  Theory  of 
Structures,  Mechanism,  and  Machines.  With  Numerous  Diagrams. 
Grown  8vo,  cloth,  128.  6d.    Fourteenth  Edition. 

II.  A  MANUAL  OF  CIVIL  ENGINEERING : 

Compriaing  Engineering  Surveys,  Earthwork,  Foundations,  Masonry,  Car- 

gintry.  Metal  Work,  Roada,  Railways,  Canals,  Rivers,  Waterworks, 
arbours,  &c.    With  Numerous  Tables  and  Illustrations.    Crown  8vo, 
cloth,  16s.    Nineteenth  Edition. 

III.  A  MANUAL  OF  MACHINERY  AND  MILLWORK : 

Comprising  the  Geometry,  Motions,  Work,  Strength,  Construction,  and 
Objects  of  Machines,  &c.  Illustrated  with  nearly  300  Woodcuts. 
Crown  8vo,  cloth,  12s.  6d.    Seventh  Edition. 

IV.  A  MANUAL  OF  THE  STEAM-ENGINE  AND  OTHER 

PRIME  MOVERS : 

With  Numerous  Tables  and  Illustrations,  and  a  Diagram  of  the  Mechanical 
Properties  of  Steam.     Grown  8vo,  cloth,  12s.  6d.    Thirtbenth  Edition. 

V.  USEFUL  RULES  AND  TABLES : 

For  Architects,  Builders,  Engineers,  Founders,  Mechanios,  Shipbuilders, 
Surveyors,  &c.  With  Appendix  for  the  use  of  Electrical  Enoinsbsb. 
By  Professor  Jamibson,  F.H.S.E.    Seventh  Edition.     10s.  6d. 

VI.  A  MECHANICAL  TEXT-BOOK : 

A  Practical  and  Simple  Introduction  to  the  Study  of  Mechanics.  By 
Professor  Rankine  and  E.  F.  Bamber,  C.E.  With  Numerous  ninB- 
trations.     Crown  8vo,  cloth,  9s.     Fourth  Edition. 

%*  TTu  *^  Mbchahical  Tkxt-Book  "  teas  desigmd  by  ProfeMor  TUwsnw  m  em 
Bucnov  to  the  abovt  Stria  of  Manualt. 

LONDON:  EXETER  STREET,  STRAND. 
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Prof.  Rankinb's  Works— (CWf/rmM^). 

VII.  HISGELLANEOnS  SCIENTIFIC  PAPERS. 

Royal  8vo.    Cloth,  Sis.  6d. 

Part  I.  Papers  relating  to  Temperature,  Elasticity,  and  Expansion  of 
Vapours,  Liquids,  and  Solids.  Part  II.  Papers  on  Energy  and  its  Trans- 
formations.   Part  in.  Papers  on  Wave-Forms,  Propulsion  of  Vessels,  Ac. 

With  Memoir  by  Professor  Tait,  M.  A.  Edited  by  W.  J.  Millab,  G.E. 
With  fine  Portrait  on  Steel,  Plates,  and  Diagrams. 

"  No  more  enduriii|;  Memorial  of  Professor  Rankine  could  be  derised  than  the  pubfica- 
tion  of  these  papen  u  an  accessible  form.  .  .  .  The  Collection  is  most  -valuable  oa 
account  of  the  nature  of  his  discoreries,  and  the  beaut3r  and  completeness  of  his  analysis. 
.  .  .  The  Volume  exceeds  in  importance  any  work  in  the  same  department  published 
la  our  time  **—ArcMit*ct, 


CALCAREOUS    CEMENTS: 

THEIR  NATURE,  PREPARATION,  AND  USES. 
By  gilbert  R.  REDGRAVE,  Assoc.  Inst.  C.E. 

With  Illustrations.    8s.  6di 

General  Contents. — IntroductioD — Historical  Review  of  the  Cement 
Industry — ^The  Early  Days  of  Portland  Cement — Composition  of  Portland 
Cement— Processes  of  Manufacture — The  Washmill  and  the  Backs — 
Flue  and  Chamber  Drying  Processes — Calcination  of  the  Cement  Mixture — 
Grinding  of  the  Cement — Composition  of  Mortar  and  Concrete — Cement 
Testing  —  Chemical  Analysis  of  Portland  Cement,  Lime,  and  Raw 
Materials  —  Employment  of  Slags  for  Cement  Making  —  Scott's  Cement, 
Selenitic  Cement,  and  Cements  produced  from  Sewage  Sludge  and  the 
Refuse  from  Alkali  Works  —  Plaster  Cements  —  Specifications  for  Portland 
Cement — ^Appendices  (Gases  Evolved  from  Cement  Works,  Effects  of  Sea- 
water  on  Cement,  Cost  of  Cement  Manufacture,  &c.,  &c.) 

"  a  work  cnlcnlated  to  be  of  orsat  and  bxtkndsd  jmLm'^—ChtnUeal  Newt. 

"  IirvALUABLK  to  the  Student,  Architect,  and  Engineer.  *'^jBui/d<n(^  News. 

**  A  work  of  the  orjbatvst  intxbebt  and  ubkfclhi88,  which  appears  at  a  very  orittoal 
period  of  the  Oement  Tirade."— .firi/.  Tradt  Journal. 

"  Will  be  naefnl  to  all  interested  In  the  kakutactubb,  uhb,  and  rxsTUffO  of  dements."— 
Snginter. 

LONDON :  EXETER  STREET,  STRAND. 
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AND    ITS   PRODUCTS: 

BT 

BOYERTON       REDWOOD, 

F.R.S.E.,  F.I.C.,  Assoa  Inst.  C.E., 

Hon.  CoiT.  Mem.  of  the  Imperiftl  Roasian  Technical  Society:  Mem.  of  the  American  ChemlMl 
Society :  Conaultlng  AdTlser  to  the  Oorporation  of  London  under  the 

Petroleum  Acta,  *c,  Ac 

A88I8TBD  BT  GEO.  T.  HOLLO  WAY,  F.LC,  Assoa  R.C.S., 

And  Numerons  Contribntors. 

In  Two  Volumes,  Iiarge  Svo.    Price  458. 

vnftb  flumerouB  Aaps,  plated,  and  5Hu0tration6  in  tbe  JLcit 


aXNXRAL    OONTENTS. 


vm. 


Dta. 


Ttansport,  Storage,  and 
trllmtion  of  Petrolenm. 

Testing  of  Petroleom. 

Application    and    Uses    of 
Petroleum. 

Legislation  on  Petrolenm  at 
Home  and  Abroad. 

Statisties  of  the  Petroleum 
Prodnotlon  and  the  Petrolenm 
Trade,  obtained  ftom  the 
most  trustworthy  and  oflloial 
sonroes. 


I.  General  Historical  Account  of 
the  Petroleum  Industry. 

n.  Geological  and  Geographical 
Distribution  of  Petroleum  and 
Natural  Gas. 

xn.  Chemical    and    Physical    Pro- 
perties of  Petroleum. 

17.  Origin  ofPetroleum  and  Natural 
Gas. 

▼.  Production    of    Petroleum, 
Natural  Gas,  and  Osokerite. 

VI.  The  Beflning  of  Petroleum, 
vn.  The  Bhale  OU  and  Allied  In- 
dustries. 

**  The  MOST  C0MFRSHEN6IYK  AND  CONYBNIXNT  ACCOUNT  that  has  yet  appeared 
of  a  ^gantic  industry  which  has  made  incalculable  additions  to  the  oomtoit  of 
civibsed  man.    .    .    .    The  chapter  dealing  with  the  arrangement  for  storaok 

and  TBAN8P0RT  of  ORKAT  PRACTICAL  INTEREST.  .  .  .  The  DIGEST  of  LEGIS- 
LATION on  the  subject  cannot  but  prove  of  the  greatest  utility.**— 7%e  Times. 

"  A  SPLENDID  CONTRIBUTION  to  OUT  technical  literature.**— C^iemiotU  Ifews. 

"This  THOROUGHLY  STANDARD  WOBX  ...  in  every  way  excellut 
.  .  most  folly  and  ably  handled  .  •  .  conld  only  have  been  prodnced 
by  a  man  in  the  very  exceptional  position  of  the  Author.  .  .  .  Indispen- 
sable to  aU  who  have  to  do  with  Petroleum,  its  applications,  manufacture, 
STORAGE,  or  transport.**— Aftntn^  JourruU, 

"  We  must  concede  to  Mr.  Redwood  the  distinction  of  having  produced  a 
treatise  which  must  be  admitted  to  the  rank  of  the  indispemba.ble8.  It  con- 
tains THE  LAST  word  that  can  be  said  about  Petroleum  in  any  of  its  sciENTinc, 
technical,  and  legal  aspects.  It  would  be  difficult  to  conceive  of  a  more 
comprehensive  and  explicit  account  of  the  geological  conditions  associated  with 
the  SUPPLY  of  Petroleum  and  the  very  practical  question  of  its  amount  and 
ddeation."— /(wm.  of  Oeu  Lighting. 


LONDON:  EXETER  STREET,  STRAND. 
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THE    STABILITY    OF    SHIPS. 

BY 

SIR  EDWARD  J.   REED,  K.C.B.,  F.R.S.,  M.P., 

KMIGMT  OP   THB    IMFBRIAL   OKDBXS   OP   ST.   8TAMILAUS   OP   KOSSXA ;    PRANOS   J06BPM    OP 

AUSTRIA;    IIXOJIDIB   OP    TUSKBY ;    AND   USING    SUN    OP    JAPAN;    VICB> 

PXXSIDBNT  OP  THB  INSTITUTION  OP  NAVAL  ARCHITBCTt. 

H^UA  numerous  Illustrations  and  Tables, 

Ttan  work  has  been  written  for  the  panose  of  pladnif  in  the  hands  of  Naval  Cooatnioton, 
Shipbuilden,  OfiStoera  of  the  Royal  aiMl  Mercantile  Mannes,  and  all  Students  of  Naval  Sdeace, 
a  complete  Treatise  upon  the  Stability  of  Ships,  and  is  the  only  work  in  the  Engtish 
Language  dealing  exhaiistively  with  the  subject. 

In  order  to  render  the  work  complete  for  the  purposes  of  the  Shipbuilder,  whethtt  at 
home  or  abroad,  the  Methods  of  Calculation  introduced  by  Mr.  F.  K.  Barnes.  Mr.  Gray, 
M.  Rbbch,  M.  Daymard,  and  Mr.  Benjamin,  are  all  given  separately,  tUustnited  bj 
Tables  and  worked-out  examples.  The  book  contains  more  than  aoo  Diagrams,  and  is 
Olustzmted  by  a  large  number  of  actual  cases,  derived  from  ships  of  all  descriptioos,  but 
-especially  from  ships  of  the  Mercantile  Marine. 

The  work  will  thus  be  found  to  constitute  the  most  coinprehensive  and  exhaustive  Tkvatise- 
hitherto  presented  to  the  Profession  on  the  Science  of  the  Stability  op  Ships. 


"  Sir  Edward  Rbbd's  '  Stabiutt  op  Ships  '  is  invaluablb.  In  it  the  Studbnt.  new 
10  the  sutgect,  will  find  the  path  prepared  for  him,  and  all  difficulties  explained  wiu  the 
utmost  caie  and  accunu^ ;  the  Ship-draughtsman  will  find  all  the  methods  of  calculation  at 
present  in  use  fully  expuuned  and  illustrated,  and  accompanied  by  the  Tables  and  Fonns 
enmloyed ;  the  Shipowner  will  find  the  variations  in  the  Subility  of  Ships  due  to  diflfeieBoes 
in  ranns  and  dimensions  fully  discussed,  and  the  devices  by  which  the  state  of  his  ships  under 
all  conditions  may  be  grai^cally  represented  and  eaaly  understood ;  the  Naval  Architsct 
will  find  brought  togetner  and  readv  to  his  hsmd,  a  mass  of  information  which  he  would  other- 
wise have  to  sedc  in  an  almost  emuess  variety  of  publications,  and  some  of  which  he  wo«U 
possiUy  not  be  able  to  obtain  at  all  elsewhere."— 5taM««At>. 

"Hus  important  and  valuable  WORK    .    .    .    cannot  be  too  highly  recomasended  to 
•all  connected  with  shifting  interests." — Iron. 

"  This  VERY  important  treatise,   ...    the  most  intbujgiblb,  instructivb,  and 
•ODMPLBTB  that  has  ever  appeared.  "* — Nature. 

"The  volume  is  an  essential  onb  for  the  shipbuildiog  profesrion  "^U^ettmitute* 
Reoifw. 


•RICHMOND  (H.  Droop,  F.C.S.,  Chemist  to  the 

Aylesbnry  Dairy  Company) : 

DAIRY  CHEMISTRY  FOR  DAIRY  MANAGERS :   A  Practical 
Handbook.     {GriffMs  Technological  Manuals.) 

LONDON:  EXETER  STREET,  STRAND 


36  CBARLX8  GRIFFIN  A  OO.'S  PUBLICATIONS. 

Fourth  Edition,  Revised.    With  Additional  Illustntions.    Price  6i. 

PRACTICAL  SANITATION: 

A  HAND-BOOK  FOR  SANITARY  INSPECTORS  AND  OTHERS 

INTERESTED  IN  SANITATION. 

By  GEORGE    REID,    M,D.,   D.P.H., 

PkiUw  ^  iJu  Samtary  InsHUU  of  Grtai  Briiam,  and  Mtdicml  OJIctr, 

SU^ffordthire  ComUy  CoumciL 

TRAitb  an  Bppendis  on  Sanitate  Xaw» 

By    HERBERT    MAN  LEY,    M.A.,    M.B.,    D.P.H., 

Medical  Officer  o/Htaltk/or  th»  County  Borough  0/  Wtst  Bromwkk. 

General  Contents.— Introdoction—Wtiter  Supply:  Drinking  Watcr» 
Pollution  of  Water — Ventilation  and  Warming  —  Principles  of  Sewage 
Removal  —  Details  of  Drainage  ;  Refuse  Removal  and  Disposal — Sanitary 
and  Insanitary  Work  and  Ap^iances — Details  of  Plumbers  Work — House 
Construction  —  Infection  and  Disinfection  —  Food,  Inspection  of;  Charac- 
teristics of  Good  Meat ;  Meat,  Milk,  Fish,  &c,  unfit  for  Human  Food — 
Appendix :  Sanitary  Law  ;  Model  Bye-Laws,  &c 

"A  VERY  USEFUL  HANDBOOK,  with  a  very  useful  Appendix.  We  reoommeDd 
it  not  only  to  Sanitary  Inspectors,  but  to  Householders  and  all  interested 
in  Sanitary  matters." — Sanitt»y  Rectrd, 


In  Large  Svo^  Handsome  Cloth,     12s.  6d, 

DISINFECTION    &    DISINFECTANTS 

(AN  INTRODUCTION   TO   THE  STUDY  OF). 

Togrether  with  an  Aeeount  of  the  Chemleal  Substances  used 

as  Antiseptics  and  Preservatiyes. 

By  SAMUEL  RIDEAL,  D.SaLoND.,  F.I.C.,  F.C.S., 

Examiner  in  Chemistry  to  the  Royal  College  of  Physicians :  formerly  Leeturer  oa 
Chemistry,  St.  George  s  Hospital  Medical  School,  Ac,  &c. 

With  Folding- Plate  and  Illustrations  of  the  most  Approved  Modem 

Appliances. 

*•*  "Notwithstanding  the  rapid  derelopment  of  Sanitary  Science  in  this  country,  there  doea 
not  exist  at  the  jpresent  time  in  the  English  language  anT  book  which  deais  exelasirely  with  the 
eomposltion  of  Disivpbctarts.  The  present  volume  will,  therefore,  supply  a  want  which  has 
been  felt  not  only  by  Uie  chemist  and  bacteriologist,  bnt  also  by  those  who  are  concerned  with  the 
practical  work  of  disiufecUon.    .    .    ."—Extract  faoM  Avtboe's  PaXFAca. 

*'I>a.  Bidbal's  TOlume  is  bound  to  prove  of  gbsat  talvb,  hoth  as  a  pkacticaIi  ovisi  and  as  a 
WOKK  or  ^MTMiMVCM."— Pharmaceutical  Journal. 

"Ab  bxbaubtitb  Tbbatisx,  dealing  with  the  wholb  ravob  of  the  sal^ect :— DidnfMiion  by 
Heat.  Chemical  Disinfectants,  Practical  Methods,  Penonal  Disinfection,  Lesal  RegolatioBB,  and 
Methods  of  Analysli  ...  so  very  well  done  and  so  usbtol  that  it  wUl  be  valued  by  all. 
connected  with  Sanitation  and  Public  Health."— CA«mi«(  and  DruggitL 

"  A  book  that  has  long  been  wanted  .    .    .  will  prove  of  vbet  oebat  TALua."— jLoocI 
mnU  Journal. 

LONDON:  EXETER  STREET.  STRAND. 
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QBIFFIN'S  "PIBST  AID"  PUBLICATIONS. 


Third  Kdition,  Rbvisbd.    Large  Crown  8vo.     Handsome  Cloth.    i6* 

A  MANUAL  OF  AMBULANCE. 

By  J.  SOOTT  RIDDELL,  CM.,  M.B.,  M.A., 

Anifttant-Surgeoo,  Aberdoea  Royal  Innrnuiry ;  Lecturer  and  Examiner  to  the  Aberdeen 

Ambulance  Aasociailon  ;  Examiner  to  the  St.  Andrew's  Ambulance  Aeeociation, 

Glasgow,  and  the  St.  John  Ambulance  Association,  London. 

With  Numerous  l/lustrationa  and  Full  Page  P/atea, 


General  Contents. — Oatlines  of  Human  Anatomy  and  Physioloflnr — 
The  Triangular  Bandage  and  its  Uses — The  Roller  Bandaee  and  its  uses 
— Fractures — Dislocations  and  Sprains — Haemorrhage — Wounds — Insensi- 
bility and  Fits — Asphyxia  and  Drowning— Suffocation— Poisoning— Bums, 
Frost-bite,  and  Sunstroke — Removal  of  Foreign  Bodies  from  (a)  The  Eye ; 
<6)The  Ear;  (c)  The  Nose;  {d)  The  Throat;  («)  The  Tissues— Ambulance 
Transport  and  Stretcher  Diill — The  After-treatment  of  Ambulance  Patients 
— ^Organisation  and  Management  of  Ambulance  Classes— Appendix  :  Ex- 
amination Papers  on  First  Aid. 

"A  CAPITAL  BOOK.    .    .     .     The  directions  are  bbobt  and  clkas,  and  testify  to  the 
hand  of  an  able  margw>n.^—Bdin.  Med,  Journal. 


** This  little  TolnmeBeems  to  us  about  aa  good  as  it  conldposslbly  be.    .    .    .    Contains 

luy  (^onicle. 
*  So  ADKXRABLB  ts  this  work,  that  it  is  dllDoait  to  ima^ne  how  it  could  be  better."— 


practically  every  piece  of  information  necesmiy  to  render  S'irst  aid.    .    .    .    Sliould  find 
-its  place  in  kvebt  houskhold  zaKAxr."* —Daily  &»roHicl«. 

•'  So  ADKXRABL 

■CoUUry  Guardian. 


at  Sea. 

Crown  Svo,  Extra.     Handsome  Cloth.     65. 

A  MEDICAL  AND  SURGICAL  HELP 

FOR    SHIPMASTERS    AND    OFFICERS 

Iir     THE     MEBCHAKT     NAVY. 

wcLvoma 

FIRST  AID  TO  THE   INJURED. 

Bt    WM.    JOHNSON    SMITH,    RR.C.S., 

Principal  Medical  Officer,  Seamen's  Hospital,  Oreenwich. 

With  Coloured  Piatea  and  Numeroua  Itlustrationa. 

\*  The  attention  of  all  Interested  in  our  Merchant  Navy  is  requested  to  this,  exceedingly 
useful  and  Taluabie  work.  It  is  needless  to  say  that  it  is  the  outcome  of  niany  yean' 
rmAonoAL  bzfbbiknok  amongst  Seamen. 

^'SqUHD,  JUDICTOna  KBAU.T  HKLPFUL.**— fAc  ZaiTOef. 

"It  would  be  dUBcult  to  find  a  Medical  and  Surgical  Quide  more  clear  and  comprehenslTe 
than  Mr.  Jobmsox  Sxxtb,  whose  experience  at  the  Gksxnwich  Hospital  eminently  qoaliflee 
him  for  the  task.  ...  A  most  attractits  wokk.  .  .  .  We  have  read  it  from  oorer 
to  cover.  ...  It  gives  clearly  written  advice  to  Bfasten  and  Officers  in  all  medical  and 
■nrgical  matters  likely  to  come  before  them  when  remote  from  the  land  and  without  a 
doctor.  .  .  .  We  xxoomkbnd  the  work  to  xvkbt  Shipmaster  and  Officer."— ^fw:)N>ol 
Journal  0/  Oommtre*. 

LONDON :  EXETER  STREET,  STRAND. 


38  CHARLB8  ORIFFIN  <k  CO.'S  PUBLIOATIONB, 

STANDARD  WORKfOF  REFERENCE 

FOR 

Metallupglsts.  Mine-Owners,  Assayers,  HanufactnrerSr 

ana  all  interested  in  the  development  of 

the  Metallurgical  Industries. 

EDITED  BY 

W.   C.   ROBERTS-AUSTEN,  C.B.,  F.R.S., 

CHSMIST  AND  ASSATBR  OP  THE  ROYAL  MINT;  PROFESSOR  OF  MSTALLURGV  IM 

THE  ROYAL  CX>LLEGB  OF  SCIENCE. 
/«  Lasx*  Bw,  Handscm*  Chtk.      With  Ilhutratimu, 


VOLUMES    ALREADY    PUBLISHED. 

1.  INTRODUCTION  to  the  STUDY  of  HETAIiLUBGY. 

By  the  Editor.    Third  Edition.     12s.  6d. 

"  No  English  text-book  at  all  approaches  this  in  the  completeness  with 
which  the  most  modem  views  on  the  subject  are  dealt  with.  Professor  Austen's 
▼oliune  will  be  invaluable,  not  only  to  tlie  student,  but  also  to  those  whose 
knowledge  of  the  art  is  far  advanced." — Chemical  News, 

"  Invaluable  to  the  student  .  .  .  Rich  in  matter  not  to  be  readily  found 
elsewhere. " — Atheneeum. 

**  This  volume  amply  realises  the  e3cpectations  formed  as  to  the  result  of  th*^ 
labours  of  so  eminent  an  authority.  It  is  remarkable  for  its  originality  of  con- 
ception and  for  the  large  amount  of  information  which  it  contains.  .  .  .  We 
recommend  every  one  who  desires  information  not  only  to  consult,  but  to  study 
this  work." — Engineering. 

"  Will  at  once  take  front  rank  as  a  iext-book,"— Science  and  Art. 

"  Prof.  Roberts-Austen's  book  marks  an  epoch  in  the  history  of  the  teaching 
of  metallurgy  in  this  coimtry." — Industries. 

2.  GOLD   (The    Metallurgy  of).     By  Thos.  Kirke  Rose^ 

D.Sc,  Assoc  R.S.M.,  F.I.C.,  of  the  Royal  Mint.    Second  Edition^ 
2 is.     (See  p.  40). 
8.   IBON    (The    Metallurgy    of).        By    Thos.     Turner, 

Assoc.  R.S.M.,  F.I.C.,  F.C.S.     i6s.     (See  p.  46). 


H^tii  be  PuhUshed  at  Short  Intervab. 

4.   STEEL    (The     Metallurgy    of).     By  F.   W.   Harbord, 

Assoc.  R.S.M.,  F.I.C. 
6.  COFFEB  (The  Metallurgnr  of).     By  Thos.  Gibb,  Assoc. 

Royal  School  of  Mines.  \At  Press, 

6.  METAXiLUBGICAL  MACHINERY:   the  Application  of 

Engineering  to  Metallurgical  Problems.    By  Henry  Charles  Jenkins, 
Wh.  Sc. ,  Assoc.  R.  S.  M . ,  Assoc.  M.  Inst.  C.  E. ,  of  the  Royal  Mint. 

7,  ALLOYS.      By  the  Editor. 


* 


* 


Other  Volumes  in  Preparation. 
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8SC0J\fD  EDITIOJi,  Revised  and  Enlarged, 
In  Large  8vo,  Handsome  cloth,  S4S' 

HYDRAULIC   POWER 


AND 


HYDRAULIC  MACHINERY. 

BT 

HENRY    ROBINSON,    M.   Inst.  C.E.,  F.GS., 

fBLLOW  or  K1N(^S  COLLBGB,  LONDON  ;  PROP.  OP  CIVIL  aNGINBBMNG, 

king's  collsgb,  btc.,  rrc 

miitb  numerood  TPdloodcute,  and  Sixt}^n\nc  IMates. 


General  Contents. 

Discharge  through  Orifices— Gauging  Water  by  Weirs — Flow  of  Water 
throufi^h  Pipes — The  Accumulator — The  Flow  of  Solids— Hydraulic  Presses 
and  Lifts — Cyclone  Hydraulic  Baling  Press — Asderton  Hydraulic  Lift — 
Hydraulic  Hoists  (Lifts) — The  Otis  Elevator — Mersey  Railway  Lilts — City 
and  South  London  Railway  Lifts — North  Hudson  County  Railway  Elevator — 
Lifts  for  Subways — Hydraulic  Ram — Pearsairs  Hydraulic  Engine — Pumping- 
Engines — Three-Cylinder  Engines — Brotherhood  Engine — Rigg's  Hydrauhc 
Engine — Hydraulic  Capstans — Hydraulic  Traversers — Movable  Jigger  Hoist — 
Hydraulic  Waggon  Drop — Hydraulic  Jack — Duckham's  Weighing  Machine-^ 
Shop  Tools— Tweddells  Hydraulic  Rivetter — Hydraulic  Joggling  Press — 
Tweddell*s  Punching  and  Shearing  Machine — Flanging  Machine — Hydraulic 
Centre  Crane — Wrightson's  Balance  Crane— Hydraulic  Power  at  the  Forth 
Bridge — Cranes — Hydraulic  Coal-Discharging  j^achines — Hydraulic  Drill — 
Hydraulic  Manhole  Cutter — Hvdraulic  Drill  at  St.  Gothard  Tunnel — Motors 
with  Variable  Power — Hydraulic  Machinery  on  Board  Ship — Hydraulic  Points 
and  Crossings — Hydraulic  Pile  Driver — Hydraulic  Pile  Screwing  Apparatus — 
H]{rdraulic  Excavator— Ball's  Pump  Dredger — Hydraulic  Power  applied  to 
Bridges — Dock-gate  Machinery — Hydraulic  Brake — Hydraulic  Power  applied 
to  Gunnery — Centrifugal  Pumps — Water  Wheels — Turbines— Jet  Propulsion — 
The  Gerard-Barr^  Hydraulic  Railway — Greathead*s  Injector  Hydrant — Snell's 
Hydraulic  Transport  System — Greathead's  Shield — Grain  Elevator  at  Frank- 
fort*—Packing — Power  Co-operation — Hull  Hydraulic  Power  Company — 
London  Hydraulic  Power  Company — Birmingham  Hydraulic  Power  System 
— Niagara  Falls — Cost  of  Hydraulic  Power — Meters — SchOnheyder's  Pressure 
Regulator — Deacon's  Waste- Water  Meter. 

"  A  Bttok  of  great  ProrMsional  Uiefulneis."— /nm. 

%*  The  Sboond  Edition  of  the  above  Important  work  has  been  thorongh!7  Teviied  and 
brought  up  to  date.  Many  new  full-page  Plates  have  been  added— the  number  beiii( 
laereaaed  from  43  In  the  First  Editloa  to  C9  in  the  present  Full  Proapeotua,  giving  a 
deaviption  of  the  Platea,  may  be  had  on  application  to  the  Publlshera. 
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GRIFFIN'S   MBTAXJiimaiOAL   SEBIES. 

THE  METALLDRfiY  OF  GOLD. 

BT 

T.  KIRKE  ROSE,  D.Sc,  Assoc.R.S.M.,  F.I.O., 

Assistant  Assayer  qfthe  Royal  MvnL 

Second  Edition.  Hevised  and  partly  Re-written.  Including  the  meet 
recent  Improvements  in  the  Cyanide  Process,  and  a  new  Chapter  on 
Economic  Considerations  (Management,  Cost,  Output,  &c.).  With  Frontis- 
piece and  additional  Illustrations.     Large  8vo.     Handsome  Cloth.     21s. 


LEADING  FEATURES. 

1.  Adapted  for  all  who  are  interested  in  the  Gold  Mining  Industry,  being 
free  from  technicalities  as  far  as  possible ;  of  special  vaJue  to  those  engaged  in 
the  industry — viz.,  mill-managers,  reduction-officers,  kc. 

2.  The  whole  ground  implied  by  the  term  "  Metallurgy  of  Gold"  has  been 
covered  with  equal  care;  the  space  is  carefully  apportioned  to  the  various 
branches  of  the  subject,  according  to  their  relative  importance. 

3.  The  MacArthub^Forbest  Ctanidb  Pboobsb  is  fuUy  described  for  the 
first  time.  By  this  process  over  £2,000,000  of  gold  per  annum  (at  the  rate  ojOis 
now  being  extracted,  or  nearly  one-tenth  of  the  total  world's  production.  The 
process,  introduced  in  1887,  has  onlv  had  short  newspaper  accounts  given  of  it 

Sreviously.     The  chapters   have  been   submitted  to,  and  revised   by,  Mr. 
lacArthur,  and  so  freed  from  all  possible  inaccuracies. 


4.  Among  other  new  processes  not  previously  described  in  a  text-book 
(1)  The  modem  barrel  cblorination  process,  practised  with  great  snooeas  in 
Dakota,  where  the  Black  Hills  district  is  undergoing  rapid  development  owing 
to  its  introduction.  (2)  New  processes  for  separating  gold  from  silver — viz.,  the 
new  Gutzkow  process,  and  the  Electrolytic  process ;  the  cost  of  separation  is 
reduced  by  them  by  one-half. 

.5.  A  new  feature  is  the  description  of  xzaot  methods  employed  in  particqlar 
extraction  works— Stamp-batteries  of  South  Africa,  Australia,  New  Zealand, 
California,  Colorado,  and  Dakota;  Chlorination  works  alsoMn  many  parts  of 
the  world ;  Cyanide  works  of  S.  Africa  and  New  Zealand.  These  accounts  are 
of  special  value  to  practical  men. 

6.  The  bibUography  is  the  first  made  sinoe  1882. 

"  Dr.  Roes  gained  his  experience  in  the  Western  States  of  America,  bat  he  hae  secored 
details  of  gold-worUog  from  all  pa.ktb  of  the  world,  and  these  should  be  of  asxAT  sianoB 
to  practical  men.  .  .  .  The  fonr  obapters  on  C%/9rina<ton«  written  from  the  point  of  view 
aliJce  of  the  practical  man  and  the  chemist,  tkxm  with  ooKsiDzsATZOirB  bitbbbto  uirasoo«- 
■iSBD,  and  oonstitnte  an  addition  to  the  literature  of  Hetallorgy,  which  will  prove  to  be  of 
olassioal  valae."— Aature. 

^*The  moat  complete  deserii>tlon  of  the  ehlorination  prooesa  which  has  jet  been  pnbUahed. 
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NEW   AND   IMPORTANT   WORK. 


Companion-Volume  to  MHI.  Knecht  and  Rawson'a  "Dyeing." 

TEXTILE    PRINTING: 

A  PBAOTIOAL   MANIJAIi. 

Inclading  the  Processes  Used  in  the  Printing  of 
COTTON,    WOOLLEN,    and    SILK   FABRICS. 

BY 

0.  F.  SEYMOUR  ROTHWELL,  F.C.S., 

Mtm.  80c.  cf  i^nnUcal  Jndustt'ia ;  late  Lecturer  at  the  Munieipal  TeeNneal  Sehool^  ManeheHer. 

In  Large  8vo,  with  Illustrations  in  the  text  and  Specimens  of  Printed 

Patterns. 


SCHWACKHOFER   and    BROWNE: 

FUEL  AND  WATER:  A  Manual  for  Users  of  Steam  and  Water. 
By  Prof.  FRANZ  SCHWACKHOFER  of  Vienna,  and  WALTER 
R.  BROWNE,  M.A.,  C.E.,  late  Fellow  of  Trinity  College,  Cambridge. 
Demy  Svo,  with  Numerous  Illustrations,  9/. 

Gbnbkal  Contents.— Heat  and  Combustion— Fuel,  Varieties  of— Firing  AitaaK»> 
tenu:  Furnace    "         ^'  '^     ^"  -   ^  '     «  ^-  .•-      ».__._ 

Heaters— Steam ! 


ments:  Furnace,   Flues.  Chimney — The  Boiler,  Choice  of— Varieties — Feed-water 
ripes — ^Water :  Composition,  Purification— Prevention  of  Scale,  &c.,  &c. 


"The  Section  on  Heat  is  one  of  the  best  and  most  ludd  ever  written.**— ^m^Vm/t. 
"  Cannot  £ul  to  be  valuabU  ta  thousands  using  steam  poMrer.**- AnAiwi^  Eniituer, 


SHELTON-BEY  (W.  Vincent,  Foreman  to  the 

Imperial  Ottoman  Gun  Factories,  Constantinople) : 

THE  MECHANIC'S  GUIDE :  A  Hand-Book  for  Engxneen  and 
Artizans.  With  Copious  Tables  and  Valuable  Recipes  for  Practical  Use. 
Illustrated.     Second  Edition,     Crown  8yo.     Cloth,  7/6. 
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Thlpteenth  Bdltloii,     PPlee  2ta. 

Demy  8vo,   Cloth.      With  Numerou$  lUtutrationt,   reduced  Jrom 

Working  Dramngt, 

A    MANUAL    OF 

MARINE  ENGINEERING: 

COMPRISING  THE  DESIGNING,  CONSTRUCTION,  AND 
WORKING  OF  MARINE  MACHINERY. 

By  A.   E.  SEAT  ON,  M.  Inst.  C.  E.,  H.  Inst.  Hech.  E., 

H.Inst.N.A. 


GKNERAL     CONTENTS. 


Part  L— Principles  of  Marine 
Propulsion. 

Part  II.— Principles  of  Steam 
Engineering. 

Part  III.-~Details  of  Marine 
Engines :  Design  and  Cal- 

V  The  Tbieteenth  Edition  includes  a  Chapter  on  Watkh^Tubb  Boilebs, 

with  Illustrations  of  the  leading  Types. 


eulations  for  Cylinders, 
Pistons,  Valyes,  Expansion 
Valves,  &c 

Part  IV.— PropeUers. 

Part   v.— Boilers. 

Part  VL— Miscellaneous. 


"  In  the  three-fold  capacity  of  enabling  a  Student  to  learn  how  to  design,  construe^ 
and  work  a  Marine  Steam> Engine,  Mr.  Seaton's  Manual  has  no  UTal.''— ZYmM. 

"The  important  subject  of  Marine  Engineering  is  here  treated  with  the  thoboooh- 
NB88  that  It  reanires.  No  department  has  escaped  attention.  .  .  .  Gires  the 
results  of  mucb  close  study  and  practical  work."— AiviMfrtit^. 

"  By  far  the  best  Manual  in  existence.  .  .  .  Gives  a  complete  account  of  the 
methods  of  solTing,  with  the  utmost  possible  economy,  the  problems  before  the  Marine 
Engineer."— jltAAsawm. 

''The  Student,  Draughtsman,  and  Engineer  will  find  this  work  the  MOfT  taluablb 
Handbook  of  EUference  on  the  Marine  Engine  now  in  existence."— ifariM  Smgimmr. 


Third  Edition.     With  Diagrams.    Bocket-Size,  Leather.    Ss.  6d. 

A  FOCKET-BOOK   OF 

MARINE  ENGINEERING  RULES  AND  TABLES, 

FOR  THE  USE  OF 

Marine  Engineers.  Naval  Architects,  Designers,  Draughtsmen, 

Superintendents  and  Others. 

BY 

A.  E.  SEATON,  M.LO.E.,  M.I.Mech.E.,  M.I.N.A., 

AND 

a  M.  ROUNTHWAITE,  M.LMech.E.,  M.LN.A. 

"Admirably  pulpils  its  purpose."— Jfarm/  Enghutr^ 
LONDON:   EXETER  STREET,  STRAND. 


aOIMNTIFIC  AITD  TaOHNOLOOIOAL  WORKS.  4} 

WORKS  BY   A.    HUMBOLDT   SEXTON,   F.I.C.,    F.C.S.,. 

Professor  of  Metallurgj  in  the  Glasgow  and  West  of  Scotland  Technical  College. 


In  Large  Crovm  8vo,  Handsome  doth,  6«. 

ELEMENTARY   METALLURGY 

(A   TEXT-BOOK  OF). 

locluding  the  Author's  Pbactioal  Laboratory  Coubsb. 

With  Numerous  Illuttratians* 


GENERAL  CONTENTS.— Introdaction^Properties  of  the  Metals— Combostioa 
— Foels— Refractory  Materials— Furnaces— Oocurrence  of  the  Metals  in  Natore — Pre- 
paration of  the  Ore  for  the  Smelter — Metallorgical  Processes — Iron :  Preparation  of 
Kg  Iron— Malleable  Iron — Steel — Mild  Steel — Copper— Lead — Zinc  and  Tin — SiWer 
— Gold — Mercury — Alloys — Applications  of  Electricity  to  Metallurgy — Labora- 
tory Course  with  Nuubrous  Practical  Exercises. 

'*  The  Tolnme  before  us  fully  enhances  and  confirms  Prof.  Sexton's  reputa- 
tion. .  .  .  Jnst  the  kind  of  work  for  Students  commencimo  the  study  of  Metal- 
lurKf,  or  for  Engineering  Students  requiring  a  general  knowledge  of  it,  or 
for^NGiNEERS  in  practice  who  like  a  handy  work  of  reference.  To  all  three 
classes  we  heartily  commend  the  work." — Practical  Engineer. 

*'  Excellently  got-up  and  well-arranged.  .  .  .  Iron  and  copper  well 
explained  by  excellent  diagrams  showing  the  stages  of  the  process  from  start  to 
finish.  .  .  .  The  most  novel  chapter  is  that  on  the  many  changes  wrought 
in  Metallurgical  Methods  by  Electricity." — Chemical  Trade  Journal. 

'*  Possesses  the  great  advantage  of  giving  a  Course  of  Practical  Work."' 
— Mining  JaumaL 


Sexton's  (Prof.)  Outlines  of  Quantitative  Analysis. 

FOR  THE  USE  OF  STUDENTS, 

With  Illustrations.    Fourth  Edition.    Crowo  8vo,  Cloth,  38. 

**  A  compact  laroratory  guide  for  beginners  was  wanted,  and  the  want  has- 
been  well  supplied.    ...     a  good  and  useful  book." — Laiicei, 


Sexton's  (Prof.)  Outlines  of  Qualitative  Analysis. 

FOR  THE  USE  OF  STUDENTS, 

With  Illustrations.    Third  Edition.    Crown  8vo,  Cloth,  3s.  6d. 

"  The  work  of  a  thoronghly  practical  chemist." — Britith  Medical  Journal. 
*<  Compiled  with  great  care,  and  will  supply  a  want." — Journal  of  Education. 


LONDON:  EXETER  STREET,   STRAND. 
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WORKS  BY  PROF.  ROBERT  H.  SMITH,  Assoe.M.LC.E.» 

M.LM.E.,  M.LE1.E.,  M.FedLHl.E.,  Whit  Sch.,  M.Ord.MeijL 


MEASUREMENT    CONVERSIONS 

(English    and    French) : 

28   GRAPHIC    TABLES    OR   DIAGRAMS. 

Showing  at  a  glance  the  Mutual  Conversion  of  Measusembnts 

in  Different  Units 

Of  Lengths,  Areas,  Volumes,  Weights,  Stresses,  Densities,  Quantities 
of  Work,  Horse  Powers,  Temperatures,  fto. 

For  the  use  of  Engineers,  Surveyors,  Architects,  and  Contractors, 
in  4to,   Boards.      78.   6d, 


*^*  Prof.  Smith's  Contersion-Tables  form  the  most  unique  and  com- 
prehensive collection  ever  placed  before  the  profession.  By  their  use  much 
time  and  labour  will  be  saved,  and  the  chances  of  error  in  calculation 
diminished.  It  is  believed  that  henceforth  no  Engineer's  Office  will  he 
considered  complete  without  them. 

"  The  work  is  inrkLVkBiM."—OoU%ery  OtMrdtan. 

"  Ooffht  to  be  in  btsbt  office  where  eren  occasional  conrenlons  are  reqaired.  .  .  .  Prof. 
Suite's  tablbs  form  rery  bxcklibmt  cbxckb  on  results.  ...  A  tbbt  csbfetl  and  good 
«dt  of  diagrams."— JEI«6(rieaI  Review. 

"  Prof.  Smith  deserves  the  hearty  thanks,  not  only  of  the  Ekoirbbb,  but  of  the  Oommbbcial 
WOBLD,  for  having  smoothed  the  way  for  the  adoption  of  the  Mbtbig  Ststbm  of  Kbabubbkbhv, 
a  subject  which  is  now  assuming  great  importance  as  a  factor  in  maintaining  our  hold  upon 
bobbiob  tbadb.  There  can  be  no  doubt  that  the  antiquated  system  of  Wcdghta  and  Measures 
used  in  this  country  is  doomed  to  be  superseded  by  the  much  simpler  method  of  dbgimal 
MBABUBSMBHT.    The  soouer  this  Is  recognised,  the  better/'— 2^  Maehinery  Market, 


THE     CALCULUS     FOR     ENGINEERS, 

WITH   extensive 

CLASSIFIED  BEFERENCE  IjIST  OF  INTEQBAIiS. 
By  PROF.  ROBERT  H.  SMITH. 

s/ 

ASSISTED   BY 

ROBERT    FRANKLIN    MXJIRHEAD, 

M.A.,  B.SC.  (Qlasgow),  B.A.  (Cambridge), 

Formerly  Olark  Fellow  of  Glasgow  UniTersity,  and  Lecturer  on  Mathematiot  at 

Mason  College. 

In  Crown  Svo,  extra,  unth  Diagrams  and  Foldrng-Plate, 
LONDON  :  EXETER  STREET.  STRAND. 
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By  PB0FES80BS  J,  J.  THOMSON  ft  POYNTING. 

la  Large  8vo.    Fully  lUuatrated. 

A  TEXT-BOOK  OF    PHYSICS: 

COMPRISING 

PROPERTIES  OF  MATTER;  HEAT;  SOUND  AND  LIGHT; 
MAGNETISM  AND  ELECTRICITY. 

m 

BY 

J.  H.  POYNTING,  J.  J.  THOMSON, 

BCD.,  F.R.8.,  AXD  1I.A.,  r.B.B., 

Late  F«Uow  of  Trinity  College,  Cambridge;  Fellow  of  Trinity  OoUege,  Cunbridfe;  ProL 

'Professor  of  Physics,  Muon  College,  of  Bzperimental  Physics  In  the  Unnrenity 

BinnlnghMo.  of  Cftinbridive^ 


Thibd  EDinoir,  Revised  and  Enlarged.    Podtet-Sixe,  Leather^  also  for  Office  XlUy  Clothe  lis.  6d, 

BOILERS,   MARINE   AND  LAND: 

THEIR  CONSTRUCTION  AND  STRENGTH. 
A  Haitdbook  or  Rulbs,  Vobmttlm,  Tablxs,  &a,  rxlatiyb  to  Matebial, 

SOAMTLINGS,  AND  P&BS8UBB8,   SaVETY.  VAIiYXS,  SVBINQB, 
FimKOS  AND  MOTTNTINOS,  fta 

#ot  the  TOae  ot  all  Steam^Uldetd. 

By  T.  W.   TRAILL,   M.  Inst.O.E.,  F.KRK, 

Late  Engineer  Surreyor-ln-Chief  to  the  Board  of  Trada. 


♦^*  To  THE  Third  Edition  many  Nkw  Tables  have  been  added. 

**Yery  vnllke  any  of  the  nnmerous  trsatlses  on  Boilers  which  bare  preceded  it.  .  .  .  Boallj 
nsaftil.  .  .  .  Contoins  an  EHoaiions  QDAirriir  of  Ihporvatioh  arranged  in  a  rery  conrenient 
form.  .  .  .  Those  who  hare  to  design  bollen  will  find  that  they  ean  settle  the  dimensions  for  any 
giren  prevure  with  almost  no  calculation  with  its  aid.  ...  A  Moav  uaivuL  toluxi  .  . 
sQpplymg  information  to  be  had  nowhere  else."— rk«  Enginen: 

**  As  a  handbook  of  rules,  formulse,  tables,  dke.,  relating  to  materials,  scantlings,  and  pressnres,  this 
work  will  proTO  most  dbifol.  The  name  of  the  AQthor  is  a  suflBdent  coarantee  for  its  aoeora^.  It 
will  sare  engineers,  inspectors,  and  draughtsmen  a  rast  amount  of  calculation.'*— ^ofurs. 

**  By  sneh  an  authority  cannot  but  prore  a  welcome  addition  to  the  literature  of  the  suhjeet.  .  .  . 
We  ean  strongly  recommend  it  as  being  the  most  com puti,  eminently  practicaUwork  on  too  sahJeot" 
"Marine  JBnoineer. 

To*  the  engineer  and  practical  boiler-maker  it  will  prore  xirTAiuABxa.  The  tables  in  all  pn>* 
baUllty  are  the  most  exhaustire  Tet  published.  .  .  .  Certainly  deserrss  a  place  on  the  shell  la 
the  dnwlng  office  of  eyery  boUer  shop.  — Praedooi  Mnfffmer. 

LONDON :  EXETER  STREET,  STRAND. 
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QBIFFHr'S  lfl:ETAIiI.TJBaiOAIi   SERIES. 


THE  METALLURGY  OF  IRON. 


BT 


THOMAS  TURNER,  Assoc.R.S.M.,  F.I.C., 

Director  of  Teehfdcal  Instructum  to  the  Staffordshire  County  CouneSU 

Ih  Large   8vo,  Hahdsome  Cloth,  With  Numebocts   Illustrations 

(makt  from  Photographs).     Price  168. 


GENERAL  CONTENTS. 


Early  History  of  Lron. 

Modem  History  of  Iron. 

The  Age  of  SteeL 

Chief  Iron  Ores. 

Preparation  of  Iron  Ores. 

The  Blast  Furnace. 

The  Air  used  in  the  Blast  Furnace. 

Reactions  of  the  Blast  Furnace. 

The  Fuel  used  in  the  Blast  Furnace. 


Slags  and  Fluxes  of  Iron  Smelting. 

Properties  of  Cast  Iron. 

Foundry  Practice. 

Wrought  Iron. 

Indirect  Production  of  Wrought 

Iron. 
The  Puddling  Process. 
Further    Treatment  of    Wrought 

Iron. 


Corrosion  of  Iron  and  steeL 

*'  A  MOST  valuablb  summary  of  osefdl  knowledge  relating  to  everj  method  and 
itage  in  the  manufaotare  of  cast  and  wrought  iron  down  to  the  present  moment  .  .  . 
paracalarlj  rich  in  chemical  details.  ...  An  EXHAUsrrTB  and  rballt  kbbdbd 
compilation  by  a  most  oapablb  and  thobouohlt  uf-to.datb  metsttorgioal 
mittonty  "^Bulletin  of  the  American  Iron  and  Steel  A$$dciation, 

**  This  is  A  dbuohtful  book,  giving,  as  it  does,  reliahle  information  on  a  subject 
becoming  eTerr  day  more  elaborate.  .  .  .  The  account  of  the  chief  iron  ores  ia, 
like  the  rest  or  this  work,  rich  in  detail.  .  .  .  Foundry  Practice  has  been  made 
the  subject  of  considerable  investigation  by  the  author,  and  forms  an  interesting  and 
able  chapter."— Co/iiery  Ouardian, 

**  Mr.  Tamer*s  work  comes  at  an  opportune  moment  and  in  answer  to  a  rbal 
DBMAMD.  ...  A  thobouohlt  USEFUL  BOOK,  which  brings  the  subject  up  to 
DATB.  The  author  has  prodnced  an  xmziibxtlt  bbadablb  book.  .  .  .  What- 
ever he  describes,  he  describcA  well.  .  .  .  There  is  mnch  in  the  work  that  will  be 
of  ORBAT  VALUB  to  thoso  engaged  in  the  iron  industry.*'— -AfimfHf  Journal. 


IN       RRERARATtON, 

OOMPANION-YOLUME   ON 

THE    METALLURGY    OF    STEEL, 

By  F.  W.  HARBORD,  AbsocRS.M.,  F.LO. 
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KNOW  YOUR  OWN  SHIP. 

By  THOMAS  WALTON,  Naval  Abchitect. 

SPKCIALLT  ARRAKOKD  TO  SUIT  THE  BEQUIBEMKNTS  OF 

Ships'  Officers,  Shipowners,  Superintendents,  Draughtsmen, 
Engineers,  and  others.  This  work  explains,  in  a  simple 
manner,  such  important  subjects  as : — 

Displacement,    Deadweight,    Tonnage,    Freeboard,    Moments, 
noyancy,  Strain,  Structure,  Stability,  Rolling,  Ballasting, 
Loading,  Shifting  Cargoes,  Admission  of  Water, 

Ssdl  Area,  ftc,  ftc. 

Second  Edition.      With  Numerous  Illiutrationa,    Handsome  Cloth.    6s, 

*'  The  little  book  wUl  be  found  exceedingly  handt  by  most  officers  and 
officials  connected  with  shipping.  .  .  .  Mr.  Walton's  work  wUl  obtain 
LASTING  SUCCESS,  becanse  of  its  unique  fitness  for  those  for  whom  it  has  been 
written." — Shipping  World. 

'*  An  EXCELLENT  WORK,  fuU  of  solid  instruction  and  inyaluable  to  every 
officer  of  the  Mercantile  Marine  who  has  his  profession  at  heart.'' — Shijminq. 

"  Not  one  of  the  242  pages  could  well  be  spared.  It  will  admirably  fulfil  its 
purpose  .  .  .  useful  to  ship  owners,  ship  superintendents,  ship  draughts- 
men, and  aU  interested  in  shipping." — Livtrpool  Journal  of  Commerce. 

"  A  mass  of  vert  useful  information,  accompanied  by  diagrams  and  iUus- 
trations.  is  given  in  a  compact  form." — Fairplay, 

**  A  lai^e  amount  of  most  useful  information  is  ^ven  in  the  volume. 
The  book  is  certain  to  be  of  great  service  to  those  who  desire  to  be  thoroughly 
grounded  in  the  subject  of  whic^  it  treats." — Steamship. 

**  We  have  found  no  one  statement  that  we  could  have  wished  differently 
expressed.  The  matter  has,  so  far  as  clearness  allows,  been  admirablv  con- 
densed, and  is  simple  enough  to  be  understood  by  every  seaman.  "—Jvartne 
Engineer. 


GAS   AND   OIL   £NGIH£S: 

An  Introductory  Text-book  on  the  Theory,  Design,  Gonstmction, 
and  Testing  of  Internal  Combustion  Engines  without  Boiler, 

FOR  THE   USS   OF   STUDENTS. 

BV 

Prof.  W.  H.  WATKINSON,  Whit.  Sch.,  MJnst.Mkch.E. 

Glasgow  and  West  of  Scotland  Technical  College. 
In  Crown  8v0t  extra,  unth  Numerous  Illustrations.     [Shortly, 
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WORKS  BY  PR,  ALDEB  WRIGHT,  F.R.S, 

FIXED  OILS,  FATS,  BUTTERS,  AND  WAXES: 

THEIR  PREPARATION   AND  PROPERTIES, 

And  the  Mannfactare  therefrom  of  Candles,  Soaps,  aad 

Other  Prodncte. 

BY 

C  R.  ALDER  WRIGHT,  D.Sc,  F.R.S., 

Late  Lecturer  on  Chemistry,  Sc  MftrVs  Hospital  School ;  Examiner  in  "  Soap**  to  the 

City  and  Guilds  of  London  Institute. 

In  LATge  8to.     Handsome  Cloth.     With  144  Illustrations.     28s. 

**  Dr.  Wkight's  work  will  be  found  absolutely  indispbnsablb  by  every  Chemist. 
TUms  with  information  YalnaUe  alike  to  the  Analyst  and  the  Technical  ChemisL* — 
TkdAnalyti. 

"Will  rank  as  the  Stakdakd  Englisk  Authokity  on  Oils  and  Fats  for  many 
yean  to  come." — IndmttrUt  tmd  Irmi, 


toooiiD  Edrion.   With  yezy  NnmeronB  Ilhistrations.    Handsome  doth,  te 
A]flo  Presentation  Edition,  Gilt  and  Gilt  Edges,  7b.  6d. 

THE  THRESHOLD  OF  SCIENCE: 

Simple  and  Amusing:  Experiments  (ovep  400)  in 

Chemistry  and  Physics. 


%*  To  the  Nkw  Editiov  has  been  added  an  excellent  chapter  on  the 
Systematic  Order  in  which  Class  Experiments  shoold  be  earned  oat  for 
Mocational  porpoees. 

'*  Any  one  who  may  stiU  have  doubts  regarding  the  value  of  Elementary 
Science  as  an  organ  of  education  will  speedily  have  ms  doubts  dispelled,  if  hie 
takes  the  trouble  to  understand  the  methods  recommended  by  Dr.  Alder 
Wright.  The  Additions  to  the  New  Edition  will  be  of  great  service  to  all 
who  wish  to  use  the  volume,  not  merely  as  a  '  play-book,'  but  as  an  instrument 
for  the  TBUNivo  of  the  mxntal  taoultiss."— JVottere: 

"Btep  by  step  the  learner  is  here  gently  guided  through  the  paths  of  science, 
made  easy  by  tne  perfect  knowledge  of  the  teacher,  and  made  flowery  by  the 
most  striking  and  curious  experiments.  Well  adM>ted  to  become  the  tbiabuxmd 
Tsmfi)  of  many  a  bright  ana  promising  lad.'* — Munehuter  Mmaw^met. 
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Engineering  Drawing  and  Design 

(A    TEXT-BOOK    OF). 

Second  Edition.     In  Two  Parts,  Published  Separately. 

Vol.  I. — Practical  Geometry,  Plane,  and  Solid.     Ss. 

Vol.  II. — Machine  and  Engine  Drawing  and  Design.   4s.  6d. 

BY 

SIDNEY  H.   WELLS,   Wh.Sc, 

A.X.IHST.C.B.,  A.H.IRBT.MICH.S., 

Prindpftl  of,  and  Head  of  the  Engineering  Department  in,  the  Battersea  Polyteehnlo  Initltate ; 
formerly  of  the  Engineering  Departments  of  the  Yorkshire  College,  Leeds ; 

and  Dulwich  College,  London. 

With  many  lUustrcUhtM,  specially  prepared  for  the  Work,  and  numerous 
Examples,  for  the  Use  ofStudsnts  in  Technical  Schools  and  CoUeges, 

**A  THOBonoHLT  usBFUL  WORK,  exceedingly  well  written.  For  the  many  Examples  and 
Qoestions  we  hare  nothing  but  praise."— ^oivre. 

*'  A  CAPITAL  TBXT-BOOK,  arranged  on  an  bzcklunt  ststbm,  calculated  to  give  an  Intelligent 
grasp  of  the  sul^ect,  and  not  the  mere  faculty  of  mechanical  copying.  .  .  .  Mr.  Weils  shows 
now  to  make  compurb  wobkiho-dbawikos,  discussing  ftilly  each  step  in  the  design."— lEZectrioil 

**  The  first  book  leads  b asilt  and  batuballt  towards  the  second,  where  the  technical  pnpll 
Is  brought  into  contact  with  large  and  more  complex  designs."— 2^  Sehoolnuuier. 


Electrical  Measnrements  &  Instrnients. 

A  Practical  Hand-booh  of  Testing  for  the  Electrical 

Engineer. 

By    CHARLES    H.    YEAMAN, 

Assoc.  Inst.  E.B.,  formerly  Electrical  Engineer  to  the  Corporation  of  LirerpooL 

The  author  has  had  an  extensive  experience  in  the  use  of  Electrical  Measuring  Initnunents  of 
rarious  types  in  the  Laboratory,  Testroom,  and  Workshop. 
The  following  sut^eota  of  practical  importance  are  dealt  with — 

Supply  Mbtbbs.  |  PoTENiroifSTBRS. 

GALTAHOlOeTBBS. 

'*'The  testing  of  Supply  Meters  is  a  subject  upon  which  very  little  has  been  published.    The 
Potentiometer  has  not  been  systematically  treated  in  any  recent  book  on  electrical  measurement, 
and  although  Galvanometers  are  considered  by  many  writers,  there  still  remains  the  want  for  a 
connected  description  of  the  different  types  ana  their  uses. 
The  ElectrlaJ  Engineer  ia  particularly  concerned  with— 

Altbbhatiho  Oorbbmt  Mkasusbxxbts. 

Fadltt  Location. 

Dtnavo  and  TBAvaroBifSK  Epficibnct  Tbsts. 

Low  Rbsistancxs.  |  Mboidm  Rxsibtancbb. 

High  Rbsistanobb. 

RaTTKBT  TkOTING.  I  HaONBTIO  TB8T8. 

Dbsgbxption  Of  Tcn-Kooics  and  Elbotbo-tkchkical  Labobatobibs. 

This  work  is  written  by  an  Electrical  Engiaeer  for  Electrical  Enjrineera.  It  forms  an  excellent 
text-book  for  students  proceeding  to  the  "Electrical  Instruments  section  of  the  Honours  Grade 
Examinations  in  Electrical  Engineering  of  the  City  and  Guilds  of  London  Institute. 

The  majority  of  the  Hiustratlons  hare  not  been  published  before,  and  hare  bean  specially 
prepared  for  tnls  work. 
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Fourteenth  Annual  Issue.    Handsome  oloth,  78.  6d. 

THE     OFFICIAL     YEAR-BOOK 

or  THB 

SCIENTIFIC  AND  LEARNED  SOCIETIES  OF  GREAT  BRITAIN 

AND  IRELAND. 

OOMPILSD  FROM  OFTIOIAL  S0X7B0BS. 

Comprising  {together  with  other  OjBfloiai  information)  LiSTS  of  the 
PAPERS  read  during  1S96  before  aii  the  LEADING  SOCIETIES  throughout 
the  Kingdom  engaged  in  the  following  Departments  of  Research  :— 


f  s.  Science  Generally :  f  .r.,  Sodcfties  occupy- 
ing themselTes  with  aerend  Bnuiches  of 
Saence,  or  with  Science  and  Literature 
Jointly, 
a.  Mathematics  and  Phyiici. 


thropolofy. 


I   6.  Economic  Science  and  Statistics. 

I  2*  Mechanical  Science  and  Architecture. 

I  8.  Naval  and  Militanr  Science. 

f  9.  Agriculture  and  Horticultttre. 

i  la  Law. 

{  XX.  Literature. 

\  t».  Psychology. 

f  X3.  Archaeology. 

1x4.  Medicine. 


Of  the  Twelfth  Issue  (for  1895),  The  Engineer  ^% — "Every 
year  of  publication  of  this  book  has  added  to  the  proofs  of  its 
usefulness.  .  .  .  The  Year-books  of  past  years  form  a  very 
HANDY  CONSECUTIVE  INDEX  of  the  work  done  by  the  Societies." 

**  The  YsAK-BooK  or  Socxbtibs  is  a  Record  which  ought  to  be  of  the  greateet  me  fcr 

the   progress  of  Science."— ^tr  Ly^n  Plajfair,  F.RM.^  K.C.B.,  M,P,,  P—t-Prttidmi 

^tkt  Brituh  AuaciaiUM. 

"It  goes  almost  without  saying  that  a  Handbook  of  this  subject  will  be  in 


ape  of  the  most  generally  useful  works  for  the  library  or  the  desk." — TA^  Tsmn. 

""''''TnSsinSoaeBesarr^ow  weii  repgeseStea  'n  the  'Year- Book  of  the  Scientific  and 

Learned  Societies  of  Great  Briuin  and  Ireland.'"— (Art.  "Societies*'  in  New  Edition  of 
"  Encydopasdia  Britannica/'  vol.  xxiL) 

Copies  of  the  First  Issue,  giving  an  Account  of  the  History, 
Organization,  and  Conditions  of  Membership  of  the  various 
Societies,  and  forming  the  groundwork  of  the  Series,  may  still  be 
had,  price  7/6.     Also  Copies  of  the  following  Issues. 

The  YEAR-BOOK  OF  SOCIETIES  forms  a  complete  index  to 
THE  SCIENTIFIC  WORK  of  the  year  in  the  various  Departments. 
It  is  used  as  a  ready  Handbook  in  all  our  great  Scientific 
Centres,  Museums,  and  Libraries  throughout  the  Kingdom, 
and  has  become  an  indispensable  book  of  reference  to  every 
one  engaged  in  Scientific  Work. 

LONDON :  EXETER  STREET,  STRAND. 


A  BOOK  NO  FAMILY  SHOULD  BE  WITHOUT. 

Thikty-Fiest  Editios.      Royal  8w,  Ilandsome  Cloth,  10«.  6t/. 

A    DICTIONARY    OF 

Domestic  Medicine  and  Houseliold  Surgery, 

BY 

SPENGER    THOMSON,  M.D.,  Edin.,  L.R.C.S., 

REVtSED,  AND  IN  PARI  RE-WRITTEN,  BY  THE  AUTHOR, 

BY 

JOHN     CHARLES    STEELE,    M  D., 

Lath  op  Guy's  Hospital, 

ANP  BY 

GEO.    REID,    M.D.,  D.P.H. 

Med.  Ovficbk,  Staffs.  County  Counoil. 

With  Appendix  on  the  Management  of  the  Siok-room,  and  many  Hints  for  the 

Diet  and  Comfort  of  InvEilids. 


In  its  New  Form,  Db.  Spenceb  Thomson's  **DicnoNABY  of  Domestic  Medicine" 
fully  anstaiiis  its  repntation  as  the  '*  Representative  Book  of  the  Medical  Kuowledge 
joid  Practice  of  the  Day  '*  applied  to  Domestic  Requirements. 

The  most  recent  Improvements  in  the  Treatment  of  the  Sick— in  Appliances 
for  the  Relief  of  Pain — and  in  all  matters  connected  with  Sanitation,  Hygiene,  and 
the  Maintenance  of  the  General  Hkalth— will  be  found  in  the  New  Issue  in  clear  and 
full  detail ;  the  experience  of  the  Editors  in  the  Spheres  of  Private  Practice,  of  Hospital 
Treatment,  and  of  Sanitary  Supervision  respectively,  combining  to  render  the  Dictionary 
perhaps  the  most  thoroughly  practiczd  work  of  the  kind  in  the  English  Lianguase.  Many 
new  Engravings  have  been  introduced — improved  Diagrams  of  different  parts  of  the  Hxunan 
Body,  and  Illustrations  of  the  newest  Medical,  Surgical,  and  Sanitary  Apparatus. 

*«*  All  Directions  given  in  such  a  form  as  to  he  readily  and  safely  followed. 


FROM  THE  AUTHOR'S  PREFATORY  ADDRESS. 

**  without  entering  upon  that  difficult  groond  which  correct  profesBional  knowledge  and  educated 
judgment  can  alone  permit  to  be  safely  trodden,  there  is  a  wide  and  extensiye  field  for  exertion,  and  for 
usefulneas,  open  to  the  unprofesaional,  in  the  kindly  offices  of  a  true  DOMESTIC  MEDICINE,  the  timely 
help  and  solace  of  a  simple  HOUSEHOLD  SUBOERY,  or,  better  still.  In  the  watchful  care  more  gener- 
ally known  as  '  SANITARY  PRECAUTION,'  which  tends  rather  to  preserve  health  than  to  cure  disease. 
'  The  touch  of  a  gentle  hand '  will  not  be  less  gentle  because  guided  by  knowledge,  nor  will  the  u^fe 
domestic  remedies  be  less  anxiously  or  carefully  administered.  Life  may  be  saved,  suffering  may  always 
be  alleviated.  Even  to  the  resident  in  the  midst  of  ciylUsation,  the  *  KNOWLEDGE  IS  POWER,'  to  do 
good ;  to  the  settler  and  emigrant  it  Is  INVALUABLE." 


**  Dr.  Thomson  has  fully  succeeded  in  conveying  to  the  public  a  vast  amount  of  useful  professional 
knowledge."— DuMtn  JoumcU  of  Medical  Science. 

"  The  amount  of  useful  knowledge  conveyed  In  this  Work  is  surprising."— JfedicaZ  Time*  and  GazetU, 
*'  Worth  its  weiqht  in  gold  to  fahildes  and  the  olbboy."— Oa/ord  HerM, 
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MANY  THOUGHTS  OF  MANY  MINDS: 

i  Tnaturg  of  Bifeivnee,  oonilttlng  of  Soleotlon*  from  th»  Writinga  of  M» 
moat  CtlebratMi  Authon.     FIRST  AND  SECOND  SEfllEB. 


By    HEITBY     SOITTHGATB. 

BaA  Seria  u  eompkU  in  Uttif,  aitd  «oU  tepatalafy. 

PraMntatlon  Edition,  Cloth  and  Gold,  .  .    t2s.  6d,  each  vohiin«> 

Library  Edition,  Half  Bound,  Roxburghe,    .        .    14s.  „ 

Do.,  Morocco  Antique,        ...    21  a.  „ 

In  Sqvart  8vo,  dtgantl]/ prinUd  on  Umtd  paper. 
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